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(Introduced by J. L. Melnick.) 


From the Section of Preventive Medicine, Yale University School of Medicine, and the 98th 
General Hospital, European Command, U. S. Army of Occupation in Germany 


The reports of the effectiveness of aureomy- 
cin, chloromycetin and terramycin against 
rickettsial and presumably viral diseases sug- 
gested a trial of these antibiotics in the man- 
agement of acute viral hepatitis. The follow- 
ing is a report of the investigation of the use 
of these drugs in treatment of viral hepatitis 
at the Hepatitis Center, 98th General Hos- 
pital, U. S. Zone of Occupation, Germany.t 

Materials and methods. Subjects. The pa- 


* This represents work done under the auspices of 
the Commission on Virus and Rickettsial Diseases, 
Armed Forces Epidemiological Board, Office of the 
Surgeon General, U. S. Army, Washington, D.C. 

+ The authors express acknowledgment to Lt. Col. 
Helmuth Sprinz, Director of Laboratories, 98th 
General Hospital, for assistance in this work, and to 
Dr. Richard J. Meyer and Dr. F. M. MacDonald 
for their participation. 


tients studied in this investigation were male 
enlisted personnel of the United States Army 
of Occupation in Germany who were admitted 
to the 98th General Hospital within the first 
10 days of viral hepatitis. It is quite prob- 
able that many of these cases were examples 
of homologous serum hepatitis but, in view of 
the fact that there are no means at present 
for differentiating infectious hepatitis from 
serum hepatitis clinically, the cases have all 
been classified as viral hepatitis. The diag- 
nosis was made on the basis of characteristic 
symptoms and signs accompanied by con- 
sistent deflection of appropriate tests of he- 
patic function. All of the patients studied 
were jaundiced at the time of admission and 
the subsequent course of disease was mild 
or moderately severe. Twenty-four patients 
received 1.0 g of aureomycin orally every 6. 
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hours for 10 days.+ Four additional patients 
received the same dosage orally and 100 mg of 
aureomycin intravenously every 6 hours for 10 
days. Ten patients received orally 50 mg 
of chloromycetin per kilo of body weight 
initially and 500 mg every 6 hours for the 
subsequent 10 days. Terramycin was given 
orally to 20 patients—1.25 g every 6 hours for 
10 days.’ Fifty-four control patients, chosen 
alternately at admission, received an appro- 
priate placebo by mouth every 6 hours for 
10 days. Management of patients. The pa- 
tients were examined daily and observations 
concerning pertinent symptoms and signs of 
disease were made. The weight was measured 
each week. The following tests of hepatic func- 
tion were made at admission to the hospital and 
twice a week throughout the period of hospital- 
ization: serum bilirubin (1’ direct and total) ; 
cephalin- cholesterol flocculation; thymol tur- 
bidity test; y globulin turbidity test. After the 
1’ direct serum bilirubin measured 0.4 mg % 
the retention of intravenously administered 
bromsulphalein in the blood was measured each 
week until 2 determinations of 6.0% or less 
were obtained. Except for the administration 
of antibiotics, both treated and control groups 
were treated in the same way. The diet con- 
tained 4200 calories, consisting of 190 g pro- 
tein, 607 g of carbohydrate and 114 g of fat, 
supplemented with vitamins and_ brewer’s 
yeast. Intravenous infusions of glucose were 
given as required. All patients were kept in 
bed, with the privilege of going to the bath- 
room, until all symptoms and signs of hepatitis 
had disappeared and the retention of brom- 
sulphalein in the blood measured 6.0% or less. 
They were then allowed to be ambulatory for 
one week and if there was no evidence of 
relapse, either clinically or as determined by 
tests of hepatic function, they were discharged 
from the hospital either to duty or to a con- 
valescent center. 


Results. Clinical observations. There was 
no significant difference in the incidence or 


$} Aureomycin was generously supplied by the 
Lederle Co. 

§ The terramycin was generously supplied by the 
Charles Pfizer Co. The assistance of Dr. Gladys 


Hobby of that Company is gratefully acknowledged. 
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duration of complaints or physical signs of 
disease in the patients who received antibiotics 
and the control subjects. Hepatomegaly, 
anorexia, nausea, hepatic tenderness were the 
most common findings. The absence of fever 
and the limitation of abdominal pain in the 
majority of patients to the first week of dis- 
ease precluded the possibility of observing the 
effect of the antibiotics on these points. 
Laboratory observations. In general, the 
patients who received aureomycin had a slight- 
ly longer duration of abnormal results in the 
various tests of hepatic function (Table I). 
Serum bilirubin, cephalin-cholesterol floccu- 
lation and retention of bromsulphalein be- 
came normal somewhat earlier in the untreated 
patients. The same was true of the chloro- 
mycetin treated group except for the retention 
of bromsulphalein which became normal a few 
days earlier in the patients receiving the anti- 
biotic (Table II). The difference was, how- 
ever, not significant. Laboratory tests of 
hepatic function in patients receiving terramy- 
cin returned to normal earlier than in the 
untreated group (Table III). The difference 
in the two groups is particularly noticed when 
comparing the time required for the serum 
bilirubin and bromsulphalein dye retention 
tests to become normal. In analyzing the 
mean differences between the treated and 
untreated patients in relation to thesé 2 tests 
the ¢ value in both instances is found to be 
greater than 2.0. Comparison of the means 
for the serum bilirubin test indicates a ¢ value 
of 2.2 and for the bromsulphalein test the 
value is 2.3. The probability therefore that 
these means differ by chance alone is less 
than 5%. In examining the records of these 
patients it appeared that 4 terramycin con- 
trol patients exhibited a maximum serum 
bilirubin concentration above 15 mg % while 
among the terramycin treated patients only 
one patient demonstrated such a high level. 
If the serum bilirubin concentration indi- 
cates the severity of disease, then the con- 
trol patients may have been more seriously 
afflicted. Therefore a reanalysis was done 
after excluding the values of the 5 patients 
exhibiting such a high bilirubin concentration. 
The mean differences between the two groups 
still remained significant at less than the 5% 
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TABLE I. Comparison of Course of Liver Function Tests in 24 Patients Treated with Oral Aureomycin 
and in 24 Control Patients. 


—————_ Aureomycin treated = ae Control group ——————_, 
Days after start of : Days after start of 
therapy when values therapy when values 
became normal became normal 
NI aera re B C Aye B C 
Liver function No. Mean Bata NOy 8 AN. No. Mean eos 4a Nos 
tests of pt x G ox ofpt ofpt of pt x G ocx ofpt of pt 
Total serum 24 BOW aos bes! da7 0 0 24 24.2 17.3 3.5 0 0 
bilirubin 
Bromsulphalein 24 A2.7 28.2. 5.7 0 0 22 36.1 145 8 0 2 
dye retention 
Cephalin choles- 16 23.9) 23:3 ° 5.8 5 3 19 19 127 2.9) 4 1 
terol flocculation 
Thymol turbidity 18 ZO Men eee, Dek 4 2 14 30:5 12.5 3.4 + 6 
pH 7.8 
alr Patients with abnormal values which became normal during period of observation. 
Bois ?? normal values during oun period of observation, 
Car oe 7oSabnormal. *? Ra Ba i 


TABLE II. Comparison of Course of Liver Function Tests in 10 Patients Treated with Chloromycetin 
and 10 Control Patients. 


m—— Chloromycetin treated — » Control group ——————_, 
Days after start of Days after start of 
therapy when values therapy when values 
became normal became normal 
A. B C A B Cc 
Liver function No, Mean _ No. No. No. - Mean vii Nowe Ne. 
tests of pt ae c oX ofpt ofpt of-pt x Gc ox of pt of pt 
Total serum 10 AO ee Pe Ne a 0 0 9 23.9 14.8 . 4.9 1 0 
bilirubin 
Bromsulphalein 10 Dore. fj) Lock) Ont 0 0 9% 46 Zi 6.6 0 {i 
dye retention 
Cephalin choles- 9 24.6 16:33. 5.5 1 0 8 22.5. 15.8! | 5.6 0 2 
terol flocculation 
Thymol turbidity th 25.7. 12.8 4.8 1 2 9 pS oe a me 0 1 
pH 7.8 


* One patient had BSP value of 6.5% at 87 days after start of placebo and was sent to a convales- 
cent hospital for 3 wk, after which the BSP was 6%. 
A= Patients with abnormal values which became normal during period of observation. 


Bae »? normal values during eaware period of observation, 
Cate »? abnormal ’? aM nae f 
level. Untoward effects of antibiotics. The gastro- 


Effect of combined intravenous and oral intestinal symptoms associated with the use 
therapy with aureomycin. Four patients re- of these antibiotics were difficult to appraise 


ceived aureomycin both orally and intraven- in this study because of the prominence of 


ously. On admission, these patients were such symptoms in viral hepatitis. However, 
mildly icteric, the highest total serum bilirubin there was apparently some accentuation of 
being 5.8 mg %. Although the small number anorexia immediately after the ingestion of 
of patients makes it difficult to appraise the aureomycin. Two patients who received com- 
effect of combined therapy, no remarkable bined oral and intravenous therapy with 
benefit was noted. The courses of disease of aureomycin developed cheilosis and stomatitis 
these patients did not differ noticeably from 5 and 7 days after beginning treatment. One 
those of the patients treated orally with of these patients had a red papular rash on 
aureomycin or from the control patients. the trunk at the same time, which disappeared 
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TABLE III. Comparison of Course of Liver Function Tests in 20 Patients Treated with Terramycin 
and 20:'Control Patients. 


——  Terramycin treated 
Days after start of 
‘therapy when values 
became normal 


~ Control group ——————,, 
Days after start of 
therapy when values 
became normal 


; A C A B C 
Liver function No. Mean _ No. No. No, Mean 2 INO Ss aN; 
tests of pt Be o oX ofpt ofpt of pt x 6 ox ofpt of pt 
Totalserum _ 20 PPR thes Net Semen EA 0 20 35.2. 19.6 4.4 0 0 
bilirubin 
Bromsulphalein 19 441 17.6 4 1 20 61 27.8 6 0 0 
dye retention 
Cephalin choles- 19 219 16/6 93.8 0 19 28.4. 22.7 5.2 0 1 
terol flocculation 
Thymol turbidity 12 268 120716 6 16 40 213 058. 1 3 
pH 7.8 


A = Patients with abnormal values which became normal during period of observation. 


= 2) 2) 


Grass 22 ?? abnormal ’? 
one day after cessation of treatment. Marked 
improvement was noted in the stomatitis with- 
in a week after discontinuing therapy although 
the cheilosis continued for a month. 
Comment. During the course of the in- 
vestigation of these antibiotics in the manage- 
ment of viral hepatitis, no immediate or re- 
markable results were observed. The investi- 
gation of aureomycin and chloromycetin re- 
vealed minor differences between the treated 
patients and their respective controls, and 
statistical analysis of these differences re- 
vealed a ¢ value of less than 2; therefore, the 
differences observed were not statistically sig- 
nificant. A comment is required, however, 
concerning the apparent difference between 
the course of the terramycin treated group and 
that of the terramycin control patients (Table 
III). In reviewing the treated patients with 
the control patients in order to determine the 
comparability of the two groups before treat- 
ment was instituted, the average age of the 
terramycin treated patients was found to be 
22.8 years; the day of disease on which treat- 
ment was started was 9.04; the mean initial 
serum bilirubin was 5.23. The control patients 
were quite similar. The average age was 
24.4; the day of disease on which placebo was 
instituted was 9.06, and the mean initial serum 
bilirubin was 5.9. In neither group was there 
a patient who demonstrated confusion, coma, 
ascites, or edema. As mentioned before, four 
terramycin control patients showed a maxi- 


normal values aang a period of observation. 


2? a? 2) 


mum serum bilirubin after placebo was started 
which was over 15 mg %. Only one treated 
patient had such a high serum bilirubin. After 
discarding these patients in the analysis, the 
difference between the two groups still re- 
mained significant at less than the 5% level. 
In reviewing the course of all patients in this 
study, it can be seen from the tables that the 
terramycin control patients had a longer 
course than any other group. However, it 
should be pointed out that the terramycin 
study was performed about one year after the 
investigation of aureomycin and chloromyce- 
tin. This renders comparison between the 
terramycin study and the other antibiotic 
studies of questionable validity. This study 
was limited by the clinical material to patients 
only moderately ill and who had reached the 
icteric phase of the disease before treatment. 
It was not possible to evaluate the benefit of 
aureomycin in hepatic coma(1). Further- 
more, in a study of this kind it is obvious that 
no comment can be made as to the prophy- 
lactic value of aureomycin, chloromycetin, or 
terramycin in this disease. The known pres- 
ence of serum hepatitis in American troops in 
Germany(2) makes it probable that both 
serum hepatitis and infectious hepatitis were 
under observation in this study. 

Summary. The usual course of acute eal 
hepatitis in young adult men was not sig- 
nificantly changed by the use of aureomycin 
or chloromycetin. Although terramycin ad- 


ToxIcITy OF RADIOIODINE AND RADIOPHOSPHORUS 


ministration was associated with a more rapid 
return to normal of liver function tests than 
observed in a control group, further investiga- 
tion would be required to determine the sig- 
nificance of this observation. 


1. Farquhar, J. D., Stokes, J., Jr., Whitlock, C. M., 
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1950, v75, 809. 
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(19371) 
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From the Addison H. Gibson Laboratory, School of Medicine, University of Pittsburgh 


The widespread use of radiophosphorus 
(P®?) and radioiodine (I1*!) in clinical prac- 
tice emphasizes the need for additional data 
on the toxicity of these isotopes. Except. for 
the monograph of Bloom(1) and other recent 
reports(2-11) on the distribution and toxicity 
of these isotopes little information is available 
on the toxic effects of these substances in dos- 
ages used clinically. These experiments were 
designed to determine the effects of P®? and 
I**! administered in doses comparable to those 
commonly used therapeutically on the growth 
and histological appearance of the tissues of 
young albino rats. 

Methods. Male rats of the Sprague-Dawley 
Strain initially weighing approximately 100 g 
were housed, fed and watered under identical 
conditions during this study. Three groups 
consisting of 15 rats each received radioactive 
phosphorus (P*?) in doses of 0.066 micro- 
curies per g (Group I-A), 0.100 uc per g 
(Group I-B), and 0.166 yc per g (Group I-C). 
Radioiodine (I7*+) was administered. to 3 
similar groups in doses of 0.2 wc per g (Group 
II-C). Ten rats, receiving similar volumes of 
distilled water, were used as controls (Group 
III). These doses are comparable to a dose 
of radioactive phosphorus in a 70 kg man of 
4.6 mc (I-A), 7 mc (I-B), and 11.6 mc (I-C), 
or of radioiodine of 14 mc (II-A), 42 mc 
(II-B), and 420 mc (II-C). The isotopes 
were administered by stomach tube in from 


* This study was made possible by a grant from the 
Damon Runyon Memorial Fund. 


5 to 10 ml of solution in a single dose. All 
animals were weighed 3 times weekly and red 
and white blood counts and hemoglobin esti- 
mations were made at weekly intervals. Six 
weeks after the administration of the isotopes 
the rats were sacrificed by decapitation. 
Terminal blood counts were taken and the 
total body weight, the liver, kidney and testi- 
cular weight were recorded. Aliquots of these 
tissues were taken for histologic study. 


P*? administration. ‘The effects of the ad- 
ministration of P** are indicated in Table I. 
The average body weights in grams were com- 
parable for both the treated (Group I-A, I-B, 
I-C) and the control (Group III) animals. 
Table I indicates that there was a slight de- 
crease in the average weight of the liver, kid- 
ney and testes of the treated animals over the 
controls, but expressed in terms of percentage 
of total body weight, these, with the exception 
of the testes, were not statistically different 
from the control animals. 


It was noted that especially after the larger 
doses (Group I-B, I-C) there was a temporary 
decrease in the total white count but this had 
returned to control values within 6 weeks. 
The effect on the red blood count and hemo- 
globin was not significantly different in the 
treated and the-control groups. Differential 
blood counts at the time of autopsy revealed 
a moderate lymphopenia in the treated ani- 
mals but no other consistent change. Histo- 
logic examination of the kidneys, liver, adren- 
als, and testes failed to reveal any significant 
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TABLE I. Mean Weights 6 Weeks After Radioisotope Administration. 


Dose per No. Initial Final Liver, Kidneys Testes 
Group g body wt rats wt,g wt, g g (2), 2g (2) 72 
ps 4 
TA 066 we 15 99 295 11.5 2.4 3.3 
% body wt 3.9 81 1.11 
IB 100 pe 15 103 325 11.5 2.4 3.2 
% body wt 3.5 74 BNE 
IC 166 pe 15 101 286 Tag 2.4 3.3 
% body wt 3.9 82 leis} 
[31 
ITA 200 we 15 99 280 11.9 2.5 3.1 
Jo body wt 4.3 90 1.12 
IIB 600 we 15 99 31h 12.2 2.5 3.2 
% body wt 3.9 82 1,01 
IIc 6.000 pe 15 101 314 12 2.5 3.3 
% body wt 3.8 78 1.01 
Jit Control 10 101 324 A Day 2.5 3.4 
% body wt 3.9 TG 1.21 


or characteristic changes in any of the groups 
of animals receiving P*?. 

I*3* administration. Weight gain was not 
altered in these animals in the 6 weeks follow- 
ing I'*! administration. At sacrifice it was 
found the percentages of body weight of the 
liver and kidney of the treated animals were 
smaller than those of the control animals. In 
this group the testes represented a larger per- 
centage of body weight (Table 1). The adren- 
als and pituitary also weighed less in the 
treated than the control animals. 

In all groups the hemoglobin remained de- 
pressed after I'*! administration returning to 
the level of the control group at the 4th 
week. White cell counts remained essentially 
the same as the control animals throughout the 
study. Differential blood counts at sacrifice 
showed an increase of polychromatophils and 
a slight degree of lymphopenia compared to 
the control animals. Microscopically, the 
liver, kidney, adrenals and testes from the 3 
groups did not differ from the controls. 

Summary and conclusions. 1. Radioactive 
phosphorus (P®*) was administered by intuba- 
tion to young male rats in doses equivalent to 
4.6 mc, 7.0 mc and 11.6 mc for a 70 kg man. 
Similar radioiodine doses of I**1 equivalent to 
14.0 mc, 42, and 420 mc were given. All 
animals were sacrificed 6 weeks after dosing. 
2. Except for a significant decrease in the 
testes/body weight ratio and a moderate lym- 


phopenia at the time of autopsy no growth 
curve, organ weight or histologic evidence of 
damage was discerned in the animals receiv- 
ing P*. 3. Although no changes in weight 
gain or histologic evidence of organ damage 
was observed following the administration of 
I**1, some variations in organ weight/body 
weight ratio were recorded. 4. In the doses 
here employed, which were comparable to 
those used clinically, no evidence of serious 
radiation damage was recorded. 


1. Bloom, Wm., Histopathology of Irradiation from 
External and Internal Sources, McGraw-Hill, Inc., 
1948. 

2. Kurland, G. S., Chamovitz, D. D., and Freed- 
burg, A. S., J. Clin. Invest., 1950, v29, 829. 

3. Findlay, Leblond, Am. J. Roent. and Rad. Ther., 
1948, v59, 389. 

4. Warren, Shields, Cancer Research, 1943, v3, 334. 

5. Platt, Wm. R., Arch. Path., 1947, v43, 1. 

6. Henshaw, P. S., Snider, R. S. and Riley, E. F., 
Radiology, 1949, v52, 401. 

7. Gorbman, Aubrey, Proc. Soc. Exp. Bron. AND 
Mep., 1949, v71, 237. 

8. Cornatzer, W. E., Harrell, G. T., Cayer, D. and 
Antrom, C., Proc. Soc. Exp, Bron. anp Mep., 1950, 
v73, 492. 

9. Bonner, J., Fed. Proc., 1950, v9, 328. 

10. Warren, S., MacMillan, J. C. and Dixon, F. J., 
Am. J. Roent. and Rad. Ther., 1950, v55, 375 and 557. 

11. Gorbman, A., J. Clin. Endocrin., 1950, v10, 
1177. 


Received December 7, 1951. P.S.E.B.M., 1952, v79. 


Tissue Metabolism in Growing Birds.* 


RicHArp R. CRANDALL AND ARTHUR H: SMITH. 


(19372) 


(Introduced by V. S. Asmundson.) 


From the College of Agriculture, University of California, Davis. 


Recently Bertalanffy and Pirozynski(1) 
have studied the metabolic rates of tissues 
from growing rats im vitro and related them 
to body size. They found a general decrease 
in oxygen consumption with increasing size 
which was less than would have been expected 
on the basis of “surface law” or “metabolic 
size.” These results seem to indicate a lack 
of correlation between the metabolic rate of 
the whole animal and of its tissues in vitro. 

In order to investigate the relation between 
in vitro tissue and whole animal metabolic rate, 
we have carried out tissue respiration trials 
with tissues from chickens of different age. 
Whereas rats have a high metabolic rate per 
unit weight shortly after birth which decreases 
with increasing age (Kleiber, unpublished), 
chickens have a low metabolic rate per unit 
weight after hatching, which increases during 
the first month(2). This contrast in meta- 
bolic rate in growing animals of these two 
species makes a comparison of their metabo- 
lism in vitro of interest to the general problem 
of body size and metabolic rate(3). 

Method. Chickens were selected to form 
several age groups which would approximate 
the critical points on the basal metabolic rate 
curve. These groups were: Group I, 5-17 
days, males; Group II, 27-34 days, males; 
Group III, mature laying females. Groups I 
and II were fasted 12-20 hours prior to the 
experiment at a controlled temperature of 
33°C and Group III at 30°C. Oxygen con- 
sumption rates of slices and homogenates of 
liver and kidney were determined in vitro 
by Warburg’s direct method(4). These meas- 
urements were made at 39.8 + .2°C, which 
approximates the body temperature of birds. 

Results. The oxygen consumption rate 
(cu mm, n.t.p. per hour) per mg dry tissue 
(Qoz) for slices and homogenates was calcu- 
lated for each bird. A summary of each group 


is given in Table I. 


* The authors gratefully acknowledge the technical 
assistance of Robert M. Bramman. 


Discussion. In liver slices from a wide 
variety of mature mammals, Kleiber(5) de- 
rived the following regression equation relating 
oxygen consumption rate in vitro (Qos) to 
body weight (kg): Qos = 5.43 W-7?. When 
the liver slice data for mature hens is calcu- 
lated to the same units of body weight, the re- 
lationship is close to that found in mammals: 
Qos = 6.41 W-*1. It is also known that the 
metabolic rate of the whole mature chicken 
(and birds in general) fits the weight-metabo- 
lism curve established among mature mam- 
mals(6). Thus, the relationship between liver 
slice and whole animal metabolié rate per unit 
weight in mature chickens is the same as that 
in mature mammals. 


When the oxygen consumption rates of the 
bird kidney slices are compared with those of 
mammals(7) it is obvious that they are much 
lower regardless of body size. This may 
result from a lesser ability of the chicken 
kidney to do osmotic work(8). 

An intraspecific comparison of the tissue 
metabolic rate with that of the whole animal 
(Table 1) in growing animals is quite different 
for the liver and kidney. Kidney tissue 
respiration (both slice and homogenate) is not 
significantly different between any of the 
groups studied. Apparently the metabolic 
rate of this tissue im vitro is independent of 
body size or whole animal metabolism; this 
seems generally to be the case in other species 
(1,7). 

Liver tissue from chickens of different ages 
presented quite a variation in oxygen con- 
sumption rate. The liver homogenate Qoz 
of the very young (Group I) and mature 
(Group III) birds was about the same, that 
of the one month birds (Group II) was sig- 
nificantly greater than either. The liver slices 
of the one-month-old birds was also signifi- 
cantly greater than that of the mature birds. 
Although these changes in tissue metabolic 
rate are in the same direction as the changes 
in whole animal metabolic rate of birds of 
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TABLET. Tissue and Whole Animal Basal Metabolic Rate of Chickens. 
——Liver—__,_ -~———_Kidney—,_ kCal/day per: t 
Age No. per Dry —Qo09*——~ Dry »——Q0.*—~ ——————— 
Group (days) group Body wt(g) (%) Slice Homog. (%) Slice Homog. kg kg% kg%4 
{ Chicks 5-17 16 66+ 4 26.7 = 1.61 23.2 —_— 1.52 L73 S79 61 
Smuts: Sealil =e 4: +.06 
II Chicks 27-34 7 178s 25:6 671s 4st 22.5. 10.71 1.49 201 110 88 
mt ai baa a Peg | de EG SEI 
III Hens Mature 6 2350 + 230 31.1 5.44 1.88 22.4. 9.22 1.41 73 287 93 
552.6) 6:28" SE 27 eB) ee AO ste U7, 


* Q0o = mm* Oy (ntp) consumed per hr per mg dry tissue. 
+ Whole animal basal metabolic rate; groups I and II, Kleiber(2); group III laying hen, Mitchell 


and Haines(9). 


these ages, the curves are not parallel. The 


liver slice metabolic rate 


ratio: 
whole animal metabolic rate per unit wt 
increases in the older animals (proportional to 
the cube root of the body weight). 
Conclusions. 1. Tissue respiration studies 
show that oxygen consumption rate of mature 
chicken liver slices fits body weight-tissue 
metabolic rate relationship derived by Kleiber 
(5) for mature mammals. The oxygen con- 
sumption rate of mature chicken kidney slices, 
however, is much lower than that of mature 
mammals(7). 2. The relationship between 
tissue and whole animal metabolic rate in 
growing chickens is different for the kidney 
and liver. The Qosg of kidney tissue (homog- 
enate or slice) is essentially the same for all 
age groups of birds tested. The Qoz of liver 
tissue in vitro is the same for very young and 
mature birds, but is significantly higher in one- 


month-old birds. This same sequence has 
been noted by Kleiber(2) in the whole animal 
metabolic rate (per unit weight) of growing 
birds. 
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Survival of Thermally Injured Rats Infused with Saline, Polyvinylpyr- 
rolidone, Dextran and Oxypolygelatin. (19373) 


Mires D. McCartuy AND JERRY W. DRAHEIM. 


(Introduced by I. S. Ravdin.) 


From the Harrison Department of Surgical Research, Schools of Medicine, University of 
Pennsylvania, Philadelphia. 


Using the standardized back burn procedure 
developed in this laboratory for the white rat 
(1), we have obtained additional information 
which demonstrates that intravenous NaCl 
solutions are effective in combating burn shock 
and promoting survival of these animals. 
Macromolecular solutions* of polyvinylpyr- 


rolidone (P.V.P.), Dextran, and Oxypoly- 
gelatin (O.P.G.) have been tested simultane- 
ously with the saline solutions and the macro- 


* Allocated by the National Research Council, Sub- 
committee on Shock. (P.V.P. Schering-Batch GA- 
P.V.P.-111; Dextran C.S.C. Lot 84665A; O.P.G. Don 
Baxter S152AY). 
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TABLE I, Postburn Survival Rates for Various Infused Groups of Rats Burned at 90°C for 
35 Seconds, 32 + 2% Total Body Surface. 


Infused with 10% body wt postburn: 
4%, 2hr;3%,5 hr; 3%, 10 hr 


Infused with 4% body wt post- 
burn: 2%, 2 hr; 2%, 5 hr 


= ; % survival, 
No. % survival, postburn No. postburn 
Infusion fluid, % rats 8 hr 24 hr 10 days rats 8 hr 12 hr 
Untreated controls 40 20 0 0 
NaCl 1.4 20 80 80 75 
1.2 20 70 70 70 6 50 0 
9 20 80 70 60 6 0 0 
PNP 88S 20 95 65 65 
1.75 9 89 33 33 
Bi) 72 50 33 3a 6 50 0 
4.5 12 58 8 8 
OPG. 5 12 50 ou 25 6 17 0 
Dextran 1.5 6 83 0 0 
6 6 66 0 0 


molecular solutions have been found to be 
less efficacious in promoting 10-day survival 
than the saline solutions. The latter were 
found to show greater efficacy as the percent- 
age of NaCl was increased from .9% to 1.2% 
and 1.4% respectively. 

Material and methods. White rats of the 
Wistar strain, weighing between 190 and 210 
g, have been used as the test animals. All 
rats received a back burn under ether anes- 
thesia of 32 + 2% of the total body surface 
and the experiments were usually conducted on 
12 rats at a time. Prior to burning, the ani- 
mals were segregated at random into several 
equal groups to permit testing of 2 or more 
infusion fluids simultaneously along with an 
untreated control group. Following the burn 
all rats were placed in individual wire mesh 
cages. Infusions were made at the rate of 
approximately 1 cc per minute through a small 
skin incision into the saphenous vein at post- 
burn intervals of 2 hours, 5 hours, and 10 
hours. Food and water were withheld from 
all animals for a period of 12 hours postburn. 
After this interval food and water were offered 
ad lib. Survival rates were recorded at the 
following postburn intervals: 8, 12, 24, 48, 
72 hours and 10 days. The macromolecular 
materials were all suspended in isotonic saline. 
Hematocrit samples were obtained as previous- 
ly described(2) from the lateral tail vein of 
several animals in each infused group. 

Results. Table I shows the survival per- 


centages for rats receiving the several different 
infusion fluids administered as 10% of the 
body weight and as 4% of the body weight. 
These data demonstrate that a) a 10% in- 
fusion volume is necessary for survival, b) 
hypertonic saline solutions are more effective 
in promoting survival than isotonic solutions, 
c) solutions of increasing concentrations of the 
macromolecular substances become less effec- 
tive in promoting survival. 

A specific type of anaphylactic-like reaction 
was noted in the Dextran infused rats which 
was much less pronounced than similar reac- 
tions following Dextran infusions in normal 
animals(3). Thus, the rat proved to be a rela- 
tively unsuitable species in which to test 
Dextran and further testing of this material 
was discontinued. 

Hematocrit data presented in Table II 
demonstrate that the infused solutions of 1.4% 
NaCl produced a greater hemodilution fol- 
lowed by less hemoconcentration than 0.9% 
NaCl solutions. Greater hemodilution fol- 
lowed macromolecular infusions and hemo- 
dilution increased as the concentration of the 
P.V.P. solutions increased. Hemoconcentra- 
tion was markedly reduced by infusions of 4% 
of the body weight of 3.5% P.V.P. solutions. 
Rats so treated all died, even though the 
hematocrit values of such rats were within 
the range of those of animals which survived 
following 10% infusion volumes. 

Discussion. Earlier work in this laboratory 


Ie ome Dh 
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TABLE Il. Average Preburn Hematocrit Values and Average Postburn Hematocrit Values as % of 
Preburn Hematocrits for Several Rats from Each Infused Group in Table I. Hematocrits taken just 
before infusion and 5 min postinfusion at the following postburn intervals. 


pa 
Infusion —— 2 hr ——_, —— 5 hr ——_, 7-—— 10 hr 
fiuid, % Preburn Pre Post Pre Pest Pre Post 24 hr 
I. Two hr (4% body wt infused), 5 hr (3% body wt infused), 10 hr (3% body wt infused). 
Unireated* 45.5(18) -115.5(18) — 122.6(13) — Dead — — 
NaCl 1.4 43.6 (7) 120.6 (7) 98.9 (7) 1142 (3) 96.95(6) 101.7 (4) 76.8(4) 7435 (4) 
1.2 42.5 (7) 123.9 (7) 97.8 (6) 120.1 (7) 100.6 (7) 109.2 (5) 85.7 (5) 79 (d) 
9 45.9 (7 117.5 (7) 105.6(7) 120.1 (7) 103.8 (6) 99.7 (4) 89.4(4) 76.5 (3) 
PVP. 875 45.1°(77) — 116.9°(7) 79.8 (7) 109 (6) 85.2 (6) 101.6(4) 70.5 (4) 89.2 (4) 
175 0 648.1(8) 116.1 (3) 841 (3) 115.13) 84.4 (3) 107.4(1) 742 (1) 72. GQ) 
3.5 45 (5) 122 (5) 64.5 (5) 102.7 (5) 68.4 (4) Dead a —— 
4.5 43.8(5) 111.5 (4) 60.3 (5) 99.1 (5) 59.5 (5) 1047(2) 70 (2) Dead 
O.P.G.5 45.1 (6) 112.3 (6) 64.2 (6) 105.5 (5) 72.7 (5) 116.8 (1) Dead — 
Dextran 15 447(3) 119.7(3) 107.7 (3) 112 (38) 74 (38) Dead — = 
6 41.6 (3) 116.6 (3) $4 (3) 113.6 (3) 57.8 (3) Dead = os 
IL. Two hr (2% body wt infused), 5 hr (2% body wt infused). ; 
NaCi12 446(3) 119.5 (3) iv (©) 11645 (2) 106.8 (2) Dead — 
9 44 (3) 1813(3) 1112 C6) 1302 @) 115% (1) Dead — 
PVP oS5 42.6 (3) 1234 (8) 79.7 (3) 108.4 (2) 79.7 (2) Dead — 
O.P.G. 5 45.7 (3) 1246(3) 105.2 (3) 107.1 (1) Dead — — 


* Number in parentheses after each percentage indicates number of rats studied. Except for an oc- 
€asional lost value, a change in these numbers mdicates death of one or more animals. 


(2) had indicated that a) this burn procedure 
was 100% lethal to untreated animals, b) 
infusion volumes of 10% of the body weight 
were necessary to promote survival, c) hyper- 
tonic saline (1.06%) solutions were more 
efficacious in promoting survival than normal 
_ physiological saline solutions. Consequently, 
in most of these experiments 10% of the body 
weight was infused in 3 stages postburn, 4% 
at 2 hours, 3% at 5 hours and 3% at 10 hours. 
In several experiments 4% oi the body weight 
was infused in 2 equal volumes of 2% each 
at a 2- and 5-hour postburn interval. Accord- 
ingly, NaCl solutions of the following compo- 
Sitions were infused: 0.9%, 1.2% and 14%. 
It should be kept in mind that the survival 
percentages recorded in this paper are not 
absolute, but represent relative positions with 
respect to efficacy in promoting survival. It 
has been our experience that many physical 
factors influence survival of severely burned 
rats, among these are handling of the animals 
and the season of the year. This latter factor 
is in part a temperature and humidity effect. 
The experiments reported herein were con- 
ducted between July 15 and October 1, during 
which period there was a room temperature 
range of 24.3-30.8°C, average 27.1°C; and 


a relative humidity range of 47-79%, average 
63.7%. Survival percentages of all groups 
would be expected to show corresponding in- 
creases if similar experiments were conducted 
during the winter months. 

The results of these experiments are in 
general agreement with those of Rosenthal 


(4); namely, that sodium chloride causes a 


significant reduction in deaths following burns, 


and that the majority of deaths occur within - 


the first 24 hours following the burn. In 
several respects, however, these data are at 
variance with Rosenthal’s findings. In our 
experience hypertonic saline administered by 
the systemic route promotes higher survival 
rates than 0.9% saline similarly administered, 
and the 10-day survival period indicated that 
the majority of rats which survived 24 hours, 
continued to do so. 

Summary. 1. Ten-day survival percentages 
are recorded for severely burned rats, infused 
with saline and several macromolecular solu- 
tions and for the simultaneous untreated con- 
trols. a) Hypertonic saline solutions were 
more effective in promoting survival than 
isotonic saline solutions. b) Effectiveness of 
the macromolecular solutions in promoting 
survival decreased as the concentration of 


these substances was increased. c) Due to 
the specific allergic reaction of rats to Dextran, 
the relative effectiveness of this plasma ex- 
pander could not be ascertained. 2. Hemato- 
crit data recorded in terms of per cent of 
initial values are given for several animals in 
all groups. a) Hypertonic saline solutions 
tend to maintain a cell-plasma ratio more 
nearly approaching the initial than isotonic 
solutions. b) Increased hemodilution followed 
infusions of the higher concentrations of 


_macromolecular substances. c) Hemodilution 


in general cannot be directly correlated with 


HEART CYCLOPHORASE 349 


survival; however, the lowest hemodilution 
values were found, except for saline, in those 
groups having the lowest survival percentage. 


1. McCarthy, M. D., J. Lab. and Clin. Med., 1945, 
v30, 1027. 

2. McCarthy, M. D., Parkins, W. M., Am. J. 
Physiol., 1947, v1350, 428. 

3. Voorhees, A. B., Baker, H. J., and Pulaski, E. J., 
Proc. Soc. Exe. Biov. AnD Men., 1951, v76, 254. 

4. Rosenthal, S. M., Public Health Rep., 1943, v5, 
513. 
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Cyclophorase System, XXII. Cyclophorase System of Rabbit Heart 


Muscle.* 


(19374) 


Mitton H. Paut,t M. Futp,? anp E, SPERLING. (Introduced by P. W. Wilson.) 


From the Institute for Enzyme Research, University of Wisconsin, Madison, Wisc. 


Previous studies in this laboratory have 
dealt with the reactions involved in the com- 
plete oxidation of pyruvic acid, fatty acids 
and certain amino acids by the cyclophorase- 
mitochondrial (CM)§ system of rabbit liver 
and kidney(1-6). The present report deals 
with some properties of the CM system of 
rabbit heart muscle. The heart system (cat) 
has been studied by Ochoa(7) with special 
reference to the oxidation of «-ketoglutarate, 
and (in the rat) by Lehninger(8) and Potter 
(9) with reference to fatty acid oxidation and 
oxidative phosphorylation, respectively. From 
the standpoint of systematics, it is important 
to know how the CM system of heart muscle 
compares with those of kidney and liver with 
respect to properties and metabolic spectrum. 
The present report deals with some compara- 
tive studies along these lines. 


* This investigation was supported by a grant 
from the Heart Institute of the National Institutes 
of Health. 

+ Present address: Army Medical Center, Wash- 
ington, D.C. . 

}Present address: Graduate School of Public 
Health, University of Pittsburgh. 

_§ For the association of cyclophorase activity with 
mitochondria cf. Harmon, J. Exp. Cell Res., 1950, 


v1, 382. 


Preparation of the CM system. The heart 
(obtained immediately upon sacrifice of the 
animal) is divested of its pericardial sac and 
auricular tissue, and packed in ice (average 
weight, 5 g). The iced, ventricular tissue is 
cut into small pieces, added directly to 75 ml 
of 0.9% potassium chloride (0°C) in the 
small, monel metal, Waring blendor and 
blendorized for one minute. The resultant 
suspension is passed through a double layer of 
gauze to remove fibrous tissue and then cen- 
trifuged at 3-5°C for 7 minutes at 2500 x g. 
After discarding the supernatant fluid, the 
residue (R;H) is resuspended in cold 0.9% 
potassium chloride and centrifuged again for 
5 minutes. The residue (R2H) is now made 
up to 6 ml with 0.9% potassium chloride. The 
Qo," of these preparations range from 33-45. 
The RoH accounts for about 40% of the oxi- 
dative activity of the original homogenate. 
It was found in some but not all cases that 
when the Re2H is supplemented with the super- 
natant of the first centrifugation, the original 
oxidative activity can be reached. Phase 
microscopy of the preparation disclosed nu- 
clei and nuclear fragments in addition to mito- 


f#l oxygen absorbed /hr /mg dry wt of prep- 
aration in presence of a-ketoglutarate at 33°C. 


=—r Ss 2 


a LR AA B's 
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TABLE I. Effect of Cofactors. 


0, 


20min 120 min 
A. Complete system 1034 
no phosphate 357 
no adenosine-5-phosphate 129 
no substrate 0 
B. Complete system 650 1300 
+ diphosphopyridine nucleotide 602 1250 
(500 +) 
+ cocarboxylase (200 +) 600 1320 
+ flavindinucleotide (60 +) 580 1280 
+ cytochrome ¢ (350 +) 650 1300 


The complete system contained 1 ml of enzyme 
preparation, .2 ml of .1 M phosphate buffer, pH 
7.4, 2 ml of .01 M adenosine-5-phosphate, .2 ml of 
A. M MgCl, and 20 » M a-ketogiutarate. Final 

volume 3 ml 38°C, oxygen in gas phase. 


TABLE Il. Specificity of the Adenine Nucleotide. 


pl Og 
80 min 

System without adenine nucleotide 160 
+ 3 ml .01 M adenosine-5-phosphate 1260 
+ .2 ml .025 M adenosinediphosphate 1335 
+ 1 ml 05 M adenosinetriphosphate 1333 


The complete system contained 1 ml enzyme 
preparation, .2 ml of 1 M phosphate buffer, pH 
7.4, 2 ml of .1M MgCl, and 20 pM a-ketoglutarate. 


chondria. A few intact myofibrils were also 
recognizable. 


Methods. In most experiments the sub- 
strate was mixed with the enzyme system be- 
fore the manometers were placed in the bath. 
This was necessary, since in absence of sub- 
strate, the enzyme system deteriorates rapidly. 
After a 5-minute equilibration period, the taps 
were closed. The oxygen uptake was cor- 
rected to include the equilibration period on 
the basis of the rate recorded during the first 
5-minute period. The experiments on oxi- 
dative phosphorylation were carried out at 
25°C. Inorganic phosphate was determined 
by both the Fiske-Subbarow(10) and Lowry- 
Lopez methods(11) with excellent agreement 
between the two methods. 


Results. Components for maximum activity. 
Only 3 components are essential for maximum 
activity, viz. inorganic phosphate, magnesium 
ions and adenosine-5-phosphate (Table I, A). 
These requirements were shown previously by 
Ochoa(7) to apply to the CM system of cat 
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heart muscle; in our own laboratory the same 
requirements were shown to apply to the CM 
system of rabbit liver and kidney. The addi- 
tion of cytochrome c, diphosphopyridinenu- 
cleotide, cocarboxylase or flavinadenine dinu- 
cleotide had no effect either on the initial rate 
of oxidation or on the rate of decline of ac- 
tivity (Table I, B). The CM system of rab- 
bit heart muscle as prepared above, shows a 
rapid decline in activity after the first 30 
minutes. By contrast, the CM systems of 
rabbit liver and kidney show linear rates of 
oxidation for 1-2 hours. Adenosinemonophos- 
phate can be replaced by either adenosinedi- 
phosphate or adenosinetriphosphate (Table 
If). The optimum levels of adenosine-5- 
phosphate and inorganic phosphate are the 
same in the heart system as for other systems. 
However, the optimum level of magnesium 
ions is about 5 times that described for the 
liver and kidney system. This requirement 
for higher magnesium levels is clearly demon- 
strable in a well-washed enzyme preparation 
(Table III), or in an aged enzyme preparation — 
(Fig. 1). The addition of magnesium chloride 
to a fresh preparation (R2H) produces little 
stimulation—whereas a preparation which has 
been aged for 4 hours at O°C and then 
washed with saline solution, shows the full 
original activity only when supplemented with 
the higher level of magnesium chloride. 
Metabolic spectrum. The diagnostic which 
we have used for an intact CM system is the 
ability to carry out the full citric acid cycle. 
The data of Table IV establish that the CM 
system of rabbit heart muscle catalyzes the 
complete oxidation of each of the intermedi- 
ates of the citric acid cycle. With respect to 


TABLE ILI. Magnesium Requirements. 


pl O2 

60 min 
I. ReH—no MgCl, 452 
+ 2 ml of .1M MgCl, 515 
TI. RgH-—no MgCl, 164 
+ 2 ml of .1M MgCl, 505 


IIL, REL (centrifugation carried out with 522 « 


9% KCl 0018 M MgOly) 


The complete system contained 1.5 ml enzyme 
preparation, .2 ml .1 M phosphate buffer, pH 7.4, 
4 ml .01 M adenosine-5-phosphate and 20 yM a- 
ketoglutarate. 


1000 shit 
900 NO Mg 
+ Mg 
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700 
€00 
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400 PREPARATION 
NOM 
9300 g 
oe 
; THE “EFFECT 
bie OF M6C£, ON FRESH 
AND AGED CYCLOPHORASE 
i 5 0 15 20 25 30 
MINUTES 


FIG. 1. Effect of magnesium ions in fresh and 
aged rabbit heart muscle CM preparations. The 
fresh preparation was brought to the stage of 
RoH. The aged (4 hr) preparation was washed 
with .9% potassium chloride and brought to the 
RH stage. Details as in legend for Table ITI. 


fatty acid oxidation,|| the pattern is similar to 
that for the kidney system. According to 
manometric analyses (Table V), even-num- 
bered fatty acids—including acetoacetate— 
are oxidized to carbon dioxide and water, 
whereas odd-numbered fatty acids are oxi- 
dized to carbon dioxide, water, and propio- 
nate. A well-washed enzyme preparation 
(R;H) requires the presence of small amounts 
(1-2 » moles) of some member of the citric 
acid cycle to initiate fatty acid oxidation. The 
oxidation of fatty acids is completely inhibited 
by 2:4-dinitrophenol at a level of 6.5 x 10° M 
(Table VI). 

The oxidation of L-amino acids by the rab- 
bit heart CM preparation has not yet been 
thoroughly investigated. L-glutamate is oxi- 
dized consistently at a rapid rate. Repeated 
attempts to demonstrate manometrically oxi- 
dation of lactate in the heart preparation were 


|| The demonstration of fatty acid oxidation in 
CM systems prepared from pig heart, beef heart 
and pigeon breast muscle has not been as unequivocal 
as in the case of the CM system of rabbit heart. It 
has yet to be decided whether the CM systems of 
cardiac tissue generally can oxidize fatty acids. 
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unsuccessful with or without supplements, 
such as diphosphopyridinenucleotide or the 
supernatant from the first centrifugation. 


‘ Some lactic dehydrogenase activity could be 


detected by the anaerobic Thunberg technic. 
Coupling of oxidation and phosphorylation. 
Ochoa(7), using cat heart muscle prepara- 
tions, and Cross et al.(12), using rabbit liver 
and kidney CM preparations, have shown that 
esterification of inorganic phosphate accom- 
panies all the oxidative steps of the citric acid 
cycle with an overall P/O ratio of about 3. 
Table VII shows a typical experiment with the 
CM system of rabbit heart muscle in which 
an average P/O ratio of 2.9 is attained. 
Discussion. The CM system of rabbit 
heart muscle appears to share the basic prop- 
erties of mitochondrial systems generally. 


TABLE TV, 
Oxidation of Citrie Acid Cycle Substrates, 


Oxygen utilized, 


pM patoms 

Substrate added Observed Theory 
Pyruvate 16 80.7 80 
a Ketoglutarate a 42.6 40 
Succinate 5 34.8 35 
1-Malate 5 29.7 30 
Fumarate 5 32.6 30 
Oxalacetate 3 14.9 15 

4 36 36 


Citrate 

The complete system contained 1.5 ml enzyme 
preparation, .2 ml of .1 M phosphate buffer, pH. 
7.4, .3 m) of .01 M adenosine-5-phosphate, and .2 
ml of .1 M MgClo, 


TABLE V. Oxidation of Fatty Acids. 


Oxygen utilized, 
patoms 


Substrate pM. Observed Theory 
Acetate 10 41.6 40” 
Butyrate 10 115 100” 
pL-f-hydroxybutyrate 30 151 135% + 
pi-p-hydroxycaproate 10 94 75% 
Acetoacetate 9 70.5 72” 
n-caproate 4 64.5 64% 
Octanoate 2 43.7 44% 
Propionate 20 0 140” 
Acrylate 6 0) 36” 
n-valerate 5 33 304 
Heptylate 2.5 35.4 B04 
Pelargonate 3.5 59.) 63} 
A 19-11 undecylenate 2 41,2 464 


* Caleulated for oxidation to COg and Hy,O. 
+ Theory for oxidation of only one isomer, For 
complete system, see Table IV. 
¢ Caleulated for oxidation to CO, and H,O and 
propionate. 
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TABLE VI. Effect of Dinitrophenol on Fatty Acid 
Oxidation. 
patoms Ov 
60 min 

Complete system 

+ 3 uM succinate 8.3 

+ ” ae, +5 pM caproate 79.9 

a PA bid 29 ) 8.3 


6.5 X 10° M 2,4-dinitrophenol 


Complete system as in Table IV. 


TABLE VIL. 
Coupling of Oxidation and Phosphorylation. 
Inorganic ‘ 

Time, phosphate Os uptake, 
min utilized, ~.M patoms P/O 
0- 5 12.9 4.3 3 
5-10 12.2 4.3 2.8 
10-15 12.2 4.3 2.8 


The complete system contained 1 ml enzyme 
preparation, .2 ml .1 M MgClo, .3 ml of .01 adeno- 
sine-5-phosphate, .4 ml of .1 M phosphate buffer, 
pH 7.4, .1 ml of .8 M NaF, .1 ml of M glucose, 
.05 ml of yeast hexokinase and 30 »M pyruvate. 
25°C, 


The higher level of magnesium requirement is 
the only unusual feature of the heart prepara- 
tion. As prepared, the system contains the 
full complement of enzymes and coenzymes 
necessary to implement the complete oxidation 
of members of the citric acid cycle, fatty acid 
oxidation and oxidative phosphorylation. The 
rabbit heart system is not as stable under 
working conditions as the CM system of rab- 
bit kidney. A marked decline in activity at 
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38°C is usually observed after some 30 min- 
utes. The instability of the working system 
may be referable either to impurities in the 
preparation, or to the instability of the mito- 
chondrial unit itself. 

Summary. The preparation and some 
properties of the cyclophorase-mitochondrial 
system of rabbit muscle are described. 


We wish to thank Dr. D. E. Green for his 
guidance and helpful suggestions. 
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Cyclophorase System XXIII. Correlation of Cyclophorase Activity and 


Mitochondrial Density in Striated Muscle.* 


Mitton H. PAautt AnD E. SPERLING. 


(19375) 


(Introduced by P. W. Wilson.) 


From the Institute for Enzyme Research, University of Wisconsin, Madison, Wisc. 


Investigations in several laboratories(1-4) 
have established that mitochondria contain 
the complete enzymatic apparatus for imple- 
menting the reactions of the citric acid cycle 


* This investigation was supported by a grant 
from the Heart Institute of the National Institutes 
of Health. 

+ Present address: Army Medical Service Graduate 
School, Army Medical Center, Washington, D.C. 


and for generating oxidatively high energy 
phosphate bonds. The functional aspects of 
mitochondria are covered by the term “‘cyclo- 
phorase activity”. Thus, some relation might 
be anticipated between the physiological func- 
tion, and either the mitochondrial density or 
cyclophorase activity of that same tissue. 


In this study, crude enzyme preparations 
were made from muscles of different physio- 
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logical activity. The oxidative activity was 
measured manometrically;. the mitochondrial 
density of the same preparations was esti- 
mated with aid of the phase microscope.+ 
The ability of the enzyme preparation to oxi- 
dize more than one substrate of the citric 
acid cycle was taken as a diagnostic test for 
cyclophorase activity. It was necessary in 
this study to test each enzyme preparation 
against several substrates simultaneously, 
since none of the tissues (with the exception 
_of the myocardium(5) and pigeon breast 
muscle), yielded preparations active enough 
to oxidize these substrates to completion. The 
assumption was made that if the same enzyme 
preparation oxidizes more than one member 
of the citric acid cycle, the observed oxygen 
uptake in presence of a given substrate cannot 
be attributed exclusively to a one-step oxi- 
dation. 

Experimental. Preparation of Enzymes. The 
tissue is blendorized for one minute in a small 
glass Waring blendor with 10 volumes of cold 
0.9% potassium chloride. The suspension 
during this time is maintained neutral to 
bromthymol blue by addition of N sodium 
hydroxide» The tissue suspension is then 
passed through a double thickness of gauze 
to remove fibrous tissue, and centrifuged at 
O°C for 8 minutes at 2500 x g. The super- 
natant is discarded, and the residue made up 
to a thick suspension with the addition of 
0.9 percent potassium chloride. This suspen- 
sion is used directly in the experiments. De- 
termination of Enzyme Activity. The War- 
burg manometric technic was used for esti- 
mation of the enzymatic activity. Each 
manometer flask contained 1 ml of enzyme 
preparation, 0.2 ml of 0.1 M phosphate buffer 
of pH 7.4, 0.2 ml of 0.1 M magnesium chloride, 
0.3 ml of 0.01 M adenosine-5-phosphate and 
water to a final volume of 3 ml, alkali in center 
well and oxygen in gas space. The reaction 
was carried out at 38°C. Cyclophorase Quo- 
tient. The standard of comparison in this 
study is an arbitrary quotient called the 
“cyclophorase quotient” which provides a 
basis for comparing the cyclophorase activi- 
ties of different tissues. 


} Since the technic of mitochondrial counting has 
yet to be perfected our evaluation of mitochondrial 
density was only qualitative. 


io) 
on 
Los) 


Cyclophorase quotient = 


dry wt total cyelophorase preparation (mg) X Qoo% 


initial wet wt of tissue (g) 


The dry weight of the cyclophorase prep- 
aration is calculated from the dry weight of 
1 ml. Dry weight determinations (overnight 
at 110°) were carried out in duplicate. A 
correction is applied for the salt content of 
the preparation. The Qosg is determined on 
the basis of the rate for the first seven minutes 
following the initial equilibration period (7 
minutes). Estimation of Mitochondrial Densi- 
ty. An aliquot of each tissue preparation is 
diluted 50 or 200 times with isotonic sucrose 
and examined under oil immersion lens with 
the phase microscope. Mitochondrial densi- 
ties are rated as 0 (few or none observed), 
to ++ -+-++ (maximum number observed). 
The preparations contain, in addition to mito- 
chondria, both nuclei and nuclear fragments 
and occasionally a few intact cells. 

Results. Table I illustrates the correla- 
tion between the physiological activity of a 
muscle and both the cyclophorase activity and 
mitochondrial density of the tissue prepara- 
tion. The rabbit heart and diaphragm, and 
the pigeon breast muscle are called upon for 
strenuous rhythmic and prolonged perform- 
ance, and accordingly require a vigorous, aero- 
bic, oxidative mechanism. These tissues have 
been shown to have high cyclophorase quo- 
tients and abundant mitochondria. The 


§ The cyclophorase quotient can serve only as the 
basis of a qualitative comparison of different tissues. 
The contribution of non-mitochondrial particulate 
elements to the dry weight of the residue is not 
constant. from one muscle to another. However, 
since myosin constitutes the bulk of the residue in 
all the muscles compared even extreme variations in 
the level of other particulate elements would not 
change seriously the order of magnitude of the quo- 
tient. Another assumption underlying the quotient 
is that the activity per mitochondrion is fairly con- 
stant regardless of source. Studies in this and other 
laboratories provide strong support for this assump-_ 
tion. Finally, the conclusions drawn from differences 
in the values of the quotients are based on variations 
which are of a different order of magnitude than 
those which correction factors could account for. 

{| With exception of experiments on muscles of 
bat and mallard, all other experiments have been re- 
peated using 3-5 individuals of the animals tested. 
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CYCLOPHORASE ACTIVITY IN STRIATED MUSCLES 


TABLE I. Cyclophorase Activity and Mitochondrial Density of Various Muscles. 


Cyclophorase quotient 


(Game aaN  ee 


a-keto- a-keto- Mitochondrial 

Tissue glutarate Succinate glutarate Succinate density 
Back muscle (white) rabbit 35 75 5 UR 0 
Breast ”’ »? chicken 110 110 1.5 1.5 0 
Gastrocnemius ’’ rabbit 100 100 2.7 2.7 0 
Soleus (reddish) ta 85 120 3.4 4,7 + 
Leg muscles (reddish) rat 85 220 2.5 6.7 + 
Forearm muscles (red) bat 185 470 10.2 30.6 +--+ 
Diaphragm 7? rabbit 545 595 23 25 +--+ 
Breast muscle 2? mallard 875 1660 6 21.9 +++ 
Heart muscle 72 rabbit 1110 1820 34.5 56.7 ++-+-+ 
Breast muscle 7? pigeon 1830 2660 24. 33 Sees ae 
Kidney, rabbit 2150 3080 28 40.3 ++++ 


* Oxygen uptake in wl/hr/mg dry wt of suspension after correction for the salt content. 


TABLE II. 
Reproducibility of Cyclophorase Quotient. 
Cyclophorase quotient 
‘Preparation a-ketoglutarate 
1 1110 
2 / 1350 
3 1230 


muscles which are active only sporadically, 
such as skeletal muscles, generally have low 
cyclophorase activity and few mitochondria. 

The breast muscle of birds provides a strik- 
ing illustration of this thesis. In the pigeon 
(capable of sustained flight), the breast muscle 
has a cyclophorase activity as high as that 
of heart muscle and an abundance of mito- 
chondria. In the chicken (limited and occa- 
sional flight), the cyclophorase activity of the 
breast muscle is very low, and there are few 
or no mitochondrial units which can be recog- 
nized by microscopic examination. 

The reproducibility of the cyclophorase 
quotient is indicated in Table II by the re- 
sults of determinations on three successive 
heart preparations. 

Discussion. The correlation between the 
physiological activity of various types of 
striated muscle and their gross and micro- 
scopic characteristics(6) have long been em- 
phasized. However, only more recently have 
the biochemical implications of these differ- 
ences been considered. 

It is remarkable that as far back as 1889, 
Knoll(7) made the following observations. 
“The abundance of interstitial granules” (un- 


doubtedly referring to mitochondria in present 
terminology) “in the active muscles of the 
pigeon and the heart muscles of all animals 
points to a correlation between these inter- 
stitial granules and the function of the muscle.” 
Kisch(8) has recently presented elegant 
electron microscope pictures of mitochondria 
in cardiac tissue. 

Summary. ‘The skeletal muscles which are 
used only sporadically generally have rela- 
tively low cyclophorase activity and a low 
mitochondrial count; whereas muscles which 
have to function either continuously or for 
prolonged periods (cardiac muscle, diaphragm, 
flying muscles), have a high cyclophorase 
activity and an abundance of mitochondrial 
units. 


We wish to thank Dr. D. E. Green for his guid- 
ance and helpful suggestions. 
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Cyclophorase System XXIV. Oxidation of Pyruvate to Acetate 


in Rabbit Heart Muscle.* 


M. Furpt anp Mitton H. Paut.t 


(19376) 


(Introduced by P. W. Wilson.) 


From the Institute for Enzyme Research, University of Wisconsin, Madison, Wisc. 


In the cyclophorase-mitochondrial (CM) 
system pyruvate is oxidized to carbon dioxide 
and water by way of the citric acid cycle(1). 
The initial process is the oxidative decarboxy]- 
ation of pyruvate to a C2 fragment which in 
the form of acetyl CoA enters the citric acid 
cycle by way of condensation with oxalace- 
tate(2). In a recent review(3), it has been 
stated that homogenates such as those of 
heart muscle do not remove pyruvate aerobic- 
ally, unless a dicarboxylic acid is present. 
This statement is based on the early studies 
of Ochoa(4), in which it was shown that 
pyruvate is not oxidized when incubated with 
dialyzed preparations of minced cat heart 
muscle. 

In view of the fact that a pyruvic oxidase 
isolated from pigeon breast muscle or pig heart 
can convert pyruvate quantitatively to acetate 
and CO2(5), it seemed logical to expect that 
the direct oxidation of pyruvate to acetate 
should also be demonstrable in CM prepara- 
tions or in homogenates of rabbit heart 
muscle. 

Experimental. The pertinent experimental 
details have already been covered in the ex- 
perimental sections of the preceding two com- 
munications(6,7). 

The estimation of pyruvate and acetate was 
carried out by the methods respectively of 
Friedemann and Haugen(8), and of Black(9). 

Results. While studying the oxidation of 
pyruvate in. the CM preparations of rabbit 
heart muscle, we observed that in the presence 
of malonate, one atom of oxygen was ab- 
sorbed for each molecule of pyruvate metabo- 
lized. In the absence of malonate, approxi- 
mately 5 atoms of oxygen were absorbed per 


* This investigation was aided by a grant from 
the Heart Institute of the National Institutes of 
Health. jal hed 

7 Present address: Graduate School of Public 
Health, University of Pittsburgh. 

¢ Present address: Army Medical Center, Wash- 
ington, D.C. 


TABLE I. 
Effect of Malonate on Pyruvate Oxidation. 
Malonate Oxygen Pyruvate 
present, utilized, utilized, 
uM patoms uM O/pyruyate 
0 71.4 14.2 5/1 
15 15.5 13.4 1/1 


Complete system consisted of 1 ml of enzyme 
preparation, .2 ml of .1 M MgClo, .2 ml of .1 M 
phosphate buffer, pH 7.4, .38 ml of .01 M adenosine- 
5-phosphate, 20 uM of lithium pyruvate, .2 ml of 
6N KOH in center well with filter paper strip. 
Vessels gassed with 100% Op» for 2 min, and equili- 
brated at 38°C for 5 min before taps closed. 


TABLE II. 

Effect of Malonate on Pyruvate Metabolism. 
Malonate Oxygen Pyruvate Acetate COs 
present, utilized, utilized, formed, formed, 

uM patoms uM pM. uM 

50 17.6 18.1 18 17.2 


Complete system: see Table I. 


molecule of pyruvate metabolized (Table I). 
Thus, depending upon the presence or absence 
of malonate, the following reactions may be 
proposed: 


(1) CH,COCOOH + 0 > CH,COOH +.COs, 
(2) CH3,00CO0H ++ 50 ——> 300, + 2H20. 


In Table II, additional data from a typical 
experiment are provided to establish that the 
requirements of equation (1) are satisfied 
when pyruvate is oxidized in presence of 
malonate. The mechanism by which malonate 
prevents the condensation of the Cz fragment 
with oxalacetate is not as yet decided. Either 
the formation of oxalacetate from pyruvate, or 
the condensative reaction itself might be the 
site of action of malonate. 

In an attempt to reduce to a minimum any 
oxalacetate which might arise from endogenous 
substrate, the enzyme preparation was sub- 


‘jected to dialysis (150 minutes) at 3-5°C 


against 100 volumes of 0.12 M potassium 
chloride—0.007 M magnesium chloride 
(changed 5 times). Under these conditions 
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TABLE III, Pyruvate Metabolism After Dialysis 
of Enzyme Preparation. 


Vw 
a8 ae = = 
Bee melee: 1 
as S'S Airs! co 
Bp RO. ee € 
a eS che eg fa ee A 
Substrate OS hes cd weet 
20 uM pyruvate 19.5 20.1 20:2 17.6 
ue 12.3" 


+ 5 uM fumarate 


Complete system: see Table I. 
* Fumarate blank subtracted. 


the CM preparation, even in absence of mal- 
onate, converts pyruvate to acetate (Table 
GUE 

A comparable situation exists in the CM 
system of rat liver where it has been shown 
by Lehninger(10) that pyruvate is either 
oxidized directly to CO, and H2O, or in 
absence of condensing partner (é.g. in presence 
of malonate), is converted quantitatively to 
acetoacetate. The Cy fragment, if it is not 
condensed with oxalacetate, can condense with 
another Cs fragment to form acetoacetate. 
This multiple pathway for pyruvate in liver 
has been studied extensively by Recknagel 
and Potter(11). 

Discussion. The oxidation of pyruvate by 
the pyruvic oxidase of animal tissues has been 
shown by Jagannathan and Schweet(12) to 
lead to the stage of acetyl CoA, since the prod- 
uct is capable of acetylating sulfanilamide. 
Acetyl CoA can either condense with oxalace- 
tate to form citrate, as has been shown by 
Ochoa and Stern(2), or it can be decom- 
posed into acetate and CoA, as shown by 


The Origin of Bradykinin. 


C. G. VAN ARMAN.** 
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Gergely and Hele(13). The latter deacyla- 
tion reaction is so much slower than the 
former, that it plays a negligible role except 
when the condensative reaction is blocked. 

Summary. Pyruvate is oxidized to CO, and 
H:O by the cyclophorase-mitochondrial sys- 
tem of rabbit heart. Under appropriate con- 
ditions, e.g. by blocking with malonate or by 
prolonged dialysis of the preparation, pyru- 
vate is oxidized to acetate and carbon dioxide, 
and the Cy unit formed does not enter the 
citric acid cycle by condensation with oxalace- 
tate. 


We wish to thank Dr. D. E. Green for his guidance 
and helpful suggestions. 
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(19377) 


(Introduced by W. E. Hambourger.) 


From the Rheumatic Fever Research Institute, Northwestern University Medical School, Chicago, IIl. 


Bradykinin is a hypotensive and smooth- 
muscle stimulating substance which is formed 
from the globulin fraction of plasma when 
acted upon by proteolytic enzymes such as 


* Present address: G. D. Searle & Co., Chicago, Ill. 


fibrinolysin, trypsin or snake venom. ‘This 
substance, discovered by Rocha e Silva, 
Beraldo, and Rosenfeld(1), is characterized 
as follows: a) it causes a slow contraction of 
guinea pig, rat, and rabbit intestine which is 
not prevented by antihistaminics or atropine, 


ORIGIN OF BRADYKININ 


b) intravenous injection causes a fall in blood 
pressure in laboratory animals, c) it is dialys- 
able, stable to heat in acid or neutral solution, 
and is destroyed by prolonged incubation with 
trypsin or snake venom, and d) the isolated 
intestine shows no desensitization after re- 
peated doses. These properties serve to dis- 
tinguish bradykinin from other gut-contract- 
ing substances which may occur in plasma, 
such as histamine. Bradykinin has been 
found in the blood of dogs in anaphylactic 
and peptone shock, but its role is uncertain. 
In only one of Beraldo’s experiments(2) was 
the amount found sufficient to have been en- 
tirely responsible for the fall in blood pressure. 
The precursor of bradykinin exists only in 
that portion of the plasma proteins termed the 
pseudoglobulins, which is precipitated between 
35 and 50% saturation with ammonium sul- 
fate(1). According to Neurath et al.(3), this 
includes approximately 21% of the human 
serum proteins, which when identified by their 
electrophoretic mobilities are found to be 
divided as follows, per 100 ml of serum: 0.15 
g of albumin, and of the globulins, +,, 0.12 g; 
a , 0.55 g; 8 and y combined, 0.67 g. 


It was of interest to determine which of 
these components contains the precursor. An 
opportunity to attempt this was afforded by 
the methods developed for fractionation of 
plasma proteins by E. J. Cohn and his group 
at Harvard during recent years. These meth- 
ods allow sharper separation of the several 
types of proteins in the native condition than 
is possible by “salting-out” procedures. 
Cohn’s method No. 10(4) separates the pro- 
teins into 6 fractions: 


I —Fibrinogen and anti-hemophilie globulin 
II + Ill—-+y-globulins (antibodies) 
Br-globulin, including lipoprotein 
(complement, midpiece, prothrombin) 
Bo-globulin (isoagglutinins) 
plasminogen (profibrinolysin) 
IV —a,lipoproteins (carry cholesterol, phos- 
pholipids, some steroids) 


ag-glycoproteins ) (hypertensinogen, 
ag-mucoproteins { cholinesterase, 
: also carries bili- 
rubin) 


Bi-metal combining protein (thyrotropic 
harmone, iodoprotein) 
phosphatase 
Vv —Serum albumin 


Ow 
VI —traces of IV and V 
a,-small acid protein 
ay-protein 


61-protein 
other small proteins and peptides 
uri¢ acid 


These fractions may be further subdivided. 
The plan of the present experiments was to 
test each of the 6 main fractions for yield of 
bradykinin, and then to identify the precursor, 
so far as possible, by testing the various sub- 
fractions. 

Methods. Bradykinin was made in 5 
batches by treatment of 1-liter portions of 
bovine pseudoglobulin solutions with snake 
venom as described by Rocha e Silva ef al.(1). 
Potencies measured on the isolated ileum 
varied considerably. The best preparations 
were further purified according to the advice 
of Dr. W. T. Beraldo as follows: Some 600 
mg of crude material obtained from 1 liter of 
bovine .plasma were extracted by stirring 3 
times with 5 cc portions of glacial acetic acid, 
and the residue was discarded. Eight volumes 
of ether were added to the acetic acid solution, 
and the precipitate was centrifuged down, 
washed twice with ether, twice with acetone, 
and dried at 40°C. This material apparently 
lost no potency during storage in the desic- 
cator for 2 months. Assays were performed 
with the usual isolated guinea pig ileum in 
oxygenated Tyrode’s solution, atropinized and 
usually treated with diphenhydramine. When- 
ever snake venom was used, the ileum was 
previously densenSitized to this agent by re- 
peated doses until no response was obtained. 

Experiments and results. The several bo- 
vine fractions, separated according to Cohn’s 
method 5(5) were kindly supplied by Dr. 
James B. Lesh of Armour Laboratories, Chi- 
cago, Ill. Method 5 is essentially the same as 
10, but the main difference, so far as this study 
is concerned, would seem to be that Fraction 
IV is obtained in a more impure state by the 
older method. Suspensions of each fraction 
were made in Tyrode’s solution at pH 7.6 and 
centrifuged. One cc of the supernatant solu- 
tion was incubated at 37°C for 90 seconds 
with 60 »g (0.06 cc) of a solution of powdered 
venom from Bothrops jararaca,t and 0.1 cc 
portions were tested at once on the isolated 
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ileum. Fractions I, If + III, V, and VI in 
5% suspension yielded no bradykinin, or any 
other smooth muscle stimulating substance, 
even upon longer periods of incubation (Frac- 
tions III-O0 and III-1 yielded a relatively in- 
significant amount from 59% suspensions). 
Practically the entire activity of the plasma 
was contained in Fraction IV, tested as a 1% 
suspension. The 2 subfractions of IV, termed 
IV-1 and IV-4, were both very active in 1% 
suspension. IV-4 yielded approximately twice 
as much bradykinin as IV-1 (both subfrac- 
tions had been made from the same lot of 
plasma). The insoluble part of these frac- 
tions did not contain any precursor. 


Since narrower subfractions of IV were not 
available, an attempt was made by other 
means to discover which component of IV 
contained the bradykinin precursor. The plan 
was to find which of the several electrophor- 
etic components would be destroyed or re- 
duced in amount by incubation with snake 
venom. A 2% suspension was centrifuged at 
slow speed and the sediment discarded. The 
solution was dialyzed against distilled water 
at 2°C for 72 hours and against barbital buf- 
fer of pH 8.54 for 24 hours. It was then 
centrifuged at 19,000 rpm for 45 minutes. A 
creamy fat layer rose to the top. The solu- 
tion underneath was still murky but was used 
nevertheless. It was subjected to electro- 
phoresis+ in a Tiselius apparatus with a Phil- 
pot-Svensson schlieren optical system, at 
0.4°C for 128 minutes in barbital buffer of 
pH 8.54, conductivity 0.00312 ohm cm", and 
ionic strength 0.1, in a field of 6.50 volts/cm. 
Three peaks were found, corresponding in 
mobilities to albumin, «- and £-globulins. The 
relative amounts were estimated by magnifi- 
cation of the photographic curves, with plani- 
metric measurement of the areas under the 
3 peaks, which were found to constitute 35, 
33, and 32% of the total area, in that order. 
Sixteen cc of a similar solution of IV, centri- 
fuged at high speed, were then treated with 
1.6 mg of snake venom at 42°C for 2 minutes 


+ Kindly furnished by Dr. W. T. Beraldo. Original 
source: Butantan Institute, Sao Paulo, Brazil. 

t In this work I was fortunate to have the advice 
and guidance of Dr. Eugene L. Hess. 
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and rapidly cooled, with the object of de- 
stroying the bradykinin precursor. After dial- 
ysis for 4 days at 2°C as above and further 
high speed centrifugation, the solution was 
submitted to electrophoresis under the same 
conditions. The resulting photographs re- 
vealed that the albumin, «- and #-globulins 
constituted 39, 35, and 25% of the total. This 
result is not taken to be significantly different 
from the control, in view of the errors inherent 
in the technic. There is a slight indication, 
however, that the 8 component was reduced 
more than the others. 


Discussion. Fraction IV in Cohn’s method 
10 comprises approximately 9% of the human 
plasma proteins(4). It is subdivided into 
“extract IV-6 + 7”, which accounts for 6%, 
and IV-1, which accounts for 3% of the 
plasma proteins. It is to be emphasized that 
bovine and human plasma are different, and 
with identical treatment yield fractions of 
somewhat different composition. Using method 
5(5), Lesh found that of a final yield of 56 g of 
dry protein obtained per liter of bovine plas- 
ma, Fraction IV-1 constituted 5 g, or 9%, 
while IV-4 constituted 3 g, or 5%. When 
made from human plasma, IV-1 contains most- 
ly «-globulin, much of it a lipoprotein contain- 
ing about 35% lipid, some #-globulin and 
albumin(6). IV-4 contains nearly lipid-free 
#- and £-globulins, with some albumin. It 
contains serum esterase and a specific iron- 
binding globulin. 


Hypertensinogen is present in high concen- 
tration in the supernatant after precipitation 
of Fraction IV-1; however, it is largely inacti- 
vated upon precipitation of IV-4 from solu- 
tion. IV-4 may be further fractionated into 
IV-5, 6 and 7; IV-6 contains the hypertensino- 
gen(6). The possible physiological reciprocal 
relationship between hypertensin and brady- 
kinin has been proposed by Rocha e Silva(7). 
It is of some interest that these two opposing 
factors, one hypertensive, the other hypoten- 
sive, have their origin in a common fraction 
of the plasma proteins. 

The precursor is probably not in the albu- 
min contaminants of IV-4, since Fraction V 
(albumin) gave no response (this agrees with 
observations of Rocha e Silva ef al.). Since 
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IV-4 gives a better yield than IV-1, and since 
the «-globulins are present in lesser amounts 
in IV-4 than in IV-1, one may suspect that the 
_ «-globulins are not responsible; contrariwise, 
_ the 61-globulins are present in greater amount 
in IV-4, and could be suspected of containing 
the precursor. The electrophoretic experiment 
above, although not decisive, points to the 
8-globulins. 

Summary. 1. The precursor of bradykinin is 
contained in Fraction IV of the bovine plasma 
proteins (Cohn’s nomenclature). 2. Of the 2 
main subfractions, IV-4 yields approximately 
twice as much bradykinin as IV-1. 


I wish to thank Dr. C. A. Dragstedt for advice 
in preparation of the manuscript. 
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Cross-Resistance Studies with Streptomycin, Streptothricin, Neomycin, 


and Streptolin. 


(19378) 


_ JosrepH F. PAGANo, Marvin J. WEINSTEIN, AND RICHARD DoNovick. 
From the Squibb Institute for Medical Research, New Brunswick, N. J. 


Several studies have been reported concern- 
ing the cross-resistance of various bacterial 
species with streptomycin and streptothricin 
(1-4) and neomycin(5-8). In the present 
study, cross-resistance has been found among 
this chemically and biologically related group 
of antibiotics, but not with every organism 
studied. 

Methods. Strains of Escherichia coli (D- 
56), Streptococcus fecalis (ATCC-9790), 
Pseudomonas aeruginosa (D-163), Micrococ- 
cus pyogenes var. aureus (209P), Salmonella 
schottmulleri (D-51), Bodenheimer’s bacillus 
(D-78) and one strain of Escherichia coli pre- 
viously made resistant to chloromycetin, aureo- 
mycin, and terramycin, designated FE. coli-R 
(D-56-9), were used in this study. Several of 
these organisms were made resistant to either 
streptomycin hydrochloride (Squibb, 808 
u/mg), streptothricin hydrochloride (Merck, 
500 u/mg) or neomycin sulfate (Squibb, 175 
u/mg) by repeated exposure to increasing 
amounts of the antibiotic in yeast beef broth 


medium (Difco, pH 6.8). Cultures were incu- 
bated at 37°C for 1-3 days. The minimal 
inhibiting concentrations (MIC) of antibiotic 
were determined by the agar dilution method, 
the organism being streaked on a series of 
yeast beef agar plates containing increasing 
concentrations of the antibiotic. Prior to 
streaking, the cultures were centrifuged for 30 
minutes at 2000 RPM, washed and resus- 
pended in saline. It was noted that the MIC 
in broth cultures was usually lower than the 
MIC observed on agar plates. To determine 
the degree of resistance and cross-resistance 
developed, an organism made resistant to one 
of the antibiotics was simultaneously streaked 
on agar plates containing the other antibiotics. 
Two-fold increases in concentration of anti- 
biotic were utilized. When the organism 
grew well at one level and was inhibited com- 
pletely by the next higher level of antibiotic, 
the MIC was considered as the mid-point 
between the two levels. Repeat testing of 
cross-resistance indicates that the variation 
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TABLE I. Sensitivity of Parent Culture to Various Antibiotics. 


Strepto- Streptothri- 
mycin-HCl, cin-HCl, Neomycin:SO,, Strepto- 
Squibb, Merck, Squibb, lin, MIC 
Organism MIC (mg/ml) MIC (mg/ml) MIC (mg/ml) (mg/ml) 
E£. coli .0074 022 043 .09 
S. fecalis .046 a bs} nan 12 
M. pyogenes var. aureus -0025 0044 .014 <.038 
P. aeruginosa .015 02 .057 24 
S. schottmulleri .0074 009 029 06 
Bodenheimer’s bacillus S12 0044 .029 =_ 
E. coli-R O11 O24 -029 _— 
TABLE II. Cross-Resistance Behavior. 
Factor* of induced Factor of increased resistance to: 
resistance to: — SEER 
A. Streptomycin Streptomycin Streptothricin Neomycin 
Organism HCl (Squibb) HCl (Squibb) HCl (Merck) HCl (Squibb) 
E. colt >338 20 stat 
30 33 11 
S. fecalis > 54 1 1 
M. pyogenes var. aureus >480 4 2 
P. aeruginosa >167 10 25 
S. schott. >338 1 2 
19 1 2 
E. coli-R : Seer 1 2 
B. Streptothricin 
HCl (Merck) 
E. colt >250 62 16 
S. fecalis 10 1 2 
M. pyogenes var. aureus 114 37 24 
34 12 4 
P, aeruginosa 38 ol 12 
Bodenheimer’s bacillus > 682 il 12 
E. coli-R >125 42 12 
C. Neomycin SO, 
(Squibb) 
P. aeruginosa 90 8 5 
16 6 8 
S. fecalis 27 3 2 


* Factor — 


in resistance observed by this assay method 
was never greater than 2-fold. An increase 
in resistance of 4-fold or more is therefore 
considered significant. The MIC of the parent 
sensitive strains are shown in Table I. The 
experimental results obtained are presented 
in Tables II and III. A number of the resis- 
tant organisms were also tested for cross-resis- 
tance with different preparations of neomycin 
[Neomycin sulfate, Pfizer (180 u/mg); Neo- 
mycin sulfate, Abbott (250 u/mg) ; Neomycin 
B hydrochloride, Squibb (280 u/mg); Neo- 
mycin C hydrochloride, Squibb (170 u/mg); 
a Squibb preparation of streptothricin sulfate 
(161 u/mg); and the antibiotic streptolin 


MIC (mg/m1) of resistant strain 


MIC (mg/ml) of parent strain 


hydrochloride (30 u/mg)]. The results ob- 
tained are presented in Table III. With all 
organisms, attempts were made to induce the 
initial resistance to each of the individual 
antibiotics before testing for cross-resistance, 
however, where such strains are not reported, 
difficulty was encountered in inducing resis- 
tance. 

Results. E. coli. Resistance to streptomycin 
or streptothricin resulted in cross-resistance 
(Table II). When the resistance to strepto- 
mycin was increased from 30-fold to greater 
than 338-fold, there was no detectable in- 
crease in the level of cross-resistance. 

S. fecalis. An increase in resistance to either 
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TABLE ITI. Cross-Resistance Behavior to Streptolin and Different Preparations of Neomycin 
and Streptothricin. 


m—— Factor of increased resistance to: 


ae 
erate: Cer hs a 2 ete 
Sea8 See as a's Wee Ys 
Se hee Se Sie 5 mt S| So a = 
Post oOo os — om os a 5 
4 SRS) dO o ) dO eA #H 
Organism 2338 Zh Ze 2h 2h Ae aw 
E. coli Stm >338 10 6 6 5 40 8 
Str >250 6 5 5 5) >129 32 
S. fecalis Stm > 54 al 1 1 al i! att 
Str 10 1 2 2 1 3 4 
M. pyogenes var. aureus Str 114 20 19 18 10 > 59 >24 
P. aeruginosa Stm 167 9 10 8 4 10 4 
: Str 38 10 8 >6 3 6 16 
Neo 90 >36 36 17 >4 my — 
S. schott. Stm . >338 1 2 1 1 SSIS 4 
* Stm—Streptomycin-HCl (Squibb) ; Str—StreptothricineHCl (Merck) ; Neo—Neomy- 


cin-SO, (Squibb). 
MIC (mg/ml) of resistant strain 
t Factor = 


MIC (mg/ml) of parent strain , 


streptomycin, streptothricin, or neomycin was 
not accompanied by cross-resistance. 

Micrococcus pyogenes var. aureus. Resis- 
tance to streptothricin resulted in a simul- 
taneous increase in resistance to streptomycin 
and neomycin. Further increases in resis- 
tance to streptothricin resulted in an increase 
in the level of cross-resistance which was ap- 
proximately proportional to the increase 
in streptothricin resistance. A greater than 
480-fold increase in streptomycin resistance, 
however, did not result in any cross-resistance 
to neomycin or any significant cross-resistance 
to streptothricin. 

P. aeruginosa. Resistance to streptomycin 
or streptothricin resulted in cross-resistance. 
When made resistant to neomycin (90-fold), 
only a 5 to 8-fold increase in resistance to 
streptomycin or streptothricin was observed. 
Increasing the level of neomycin resistance 
from 16-fold to 90-fold did not result in any 
increase in cross-resistance. 

S. schottmulleri. A greater than 338-fold 
increase in resistance to streptomycin resulted 
in no increase in resistance to streptothricin 
or neomycin. 

Bodenheimer’s bacillus. A greater than 682- 
fold increase in resistance to streptothricin 
resulted in a 12-fold increase in resistance to 
neomycin. 

E. coli-R. After being made resistant to 


streptothricin, a simultaneous increase in re- 
sistance to streptomycin and neomycin was 
observed. However streptomycin resistance 
did not result in cross-resistance to strepto- 
thricin or neomycin. 


Cross-resistance with streptolin and various 
preparations vf neomycin and streptothricin 
(Table III). E. coli resistant to streptomycin 
or streptothricin, Micrococcus pyogenes var. 
aureus resistant to streptothricin, and P. 
aeruginosa resistant to streptothricin, all 
showed cross-resistance with streptolin as well 
as with the other antibiotics used in this study. 
S. fecalis made resistant to streptomycin 
showed no cross-resistance and when made 
streptothricin-resistant showed minimal (4- 
fold) resistance to streptolin. Streptomycin- 
resistant S. schottmulleri showed a minimal 
(4-fold) increased resistance to streptolin. In 
no case do the latter two organisms show 
cross-resistance with any of the ote anti- 
biotics used in this study. 


When the organisms shown in Table III 
were tested for cross-resistance to the different 
preparations of neomycin and a Squibb prep- 
aration of streptothricin, cross-resistance was 
confirmed in every case. Resistance levels 
are of the same order of magnitude and the 
slight variations in MIC levels are not con- 
sidered significant. 
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Discussion. In the present study, and con- 
firming previous reports with other strains of 
E. coli(5,7,9,10), E. coli-R (D56-9) made 
resistant to streptomycin showed no cross-re- 
sistance with streptothricin and neomycin. 
However, E. coli (D-56), resistant to strepto- 
mycin showed a simultaneous increase in re- 
sistance to streptothricin and neomycin. It 
is evident that within the same species there 
exists the potentiality for developing strains 
which may or may not show cross-resistance. 
The mechanism governing this phenomenon 
is now under investigation. 


The strain of S. fecalis used in these studies 
appears to develop mono-resistance. Resis- 
tance to either streptomycin, streptothricin, or 
neomycin was not accompanied by a simul- 
taneous increase in resistance to the other 
antibiotics considered in this investigation. 
Since a limited number of resistant cultures 
were examined, no extensive generalizations 
can be made concerning the observed lack of 
cross-resistance in this organism. Further 
study may reveal in S. fecalis the two types 
observed in strains of EZ. colli. 


No cross-resistance with neomycin was ob- 
served when M. pyogenes var. aureus or E. 
coli-R was made initially resistant to strepto- 
mycin. The former organism showed only a 
minimal (4-fold) increase in resistance to 
streptothricin while the latter showed no re- 
sistance. However, when made initially resis- 
tant to streptothricin, both organisms showed 
cross-resistance to streptomycin and neomy- 
cin. It would appear that cross-resistance in 
these two organisms is related to the pathway 
of development of the initial resistance. In 
order to elucidate this behavior a more de- 
tailed study of the various types is necessary. 
The cross-resistance behavior observed pro- 
vides evidence for considering streptomycin, 
streptothricin, neomycin, and streptolin as a 
biologically as well as a chemically related 
group of antibiotics. When a given organism 
was made resistant to one antibiotic, its cross- 
resistant behavior with the other 3 antibiotics 
was consistent. The organism either showed 
increased resistance to all of the other 3 anti- 
biotics or to none of them. A biological re- 
lationship based on cross-resistance patterns 
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is now well established for the penicillins (11, 
12), streptomycins(13,14) and between aureo- 
mycin, chloromycetin, and terramycin(15-18). 

In the present studies, the inhibiting con- 
centration of an antibiotic for an organism was 
obtained by the agar dilution method. This 
procedure permits distinguishing total popula- 
tion growth from that of individual colonies 
appearing along the streak line. Such colonies 
may be mutants which arise in the population 
and do not represent the resistance level of 
the total population. Determination of cul- 
ture sensitivity to an antibiotic in a liquid 
medium does not permit visual differentiation 
between the resistance of the total population 
and that of the individual cells. 


Summary, Cross-resistance of a number of 
organisms to streptomycin, streptothricin, neo- 
mycin, and streptolin has been observed by 
the agar dilution method. Variability of cross- 
resistance behavior within a species is re- 
ported. 
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Blood Changes of Normal Dogs During Chronic Blood Volume Expansion 


with Dextran.* 


(19379) 


L. H. Marswatt, C. H. HANNA, HEINz SPECHT, AND P. A. NEAL. 


From the National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, 
Public Health Service, Federal Security Agency, Bethesda, Md. 


Blood changes occurring during long con- 
tinued administration of dextran have been 
studied in normal dogs. 

Methods. Three litter mate mongrel bitches 
weighing 13-16 kg were fed equal parts dog 
chow and horse meat in amounts adjusted to 
maintain body weight. They received intra- 
venously 10, 15 and 20 ml dextran solution 
(Macrodext) per kg respectively, 3 times 
weekly for 13 weeks. This amounted to ap- 
proximately 300, 500 and 600 g dextran re- 
spectively. A control dog from the same lit- 
ter received 10 ml/kg physiological saline. 
Preceding the injections 8 ml of blood were 
withdrawn without stasis and heparinized. 
Hematocrit values were determined in Win- 
trobe tubes spun 30 min at 1050 G. Estima- 
tions of relative viscosity were made within 
20 min of withdrawing the sample in an Ost- 
wald viscosimeter at 3 different pressures. 
Specific gravities of whole blood and of plasma 
were measured by the copper sulfate method. 
Values for the sedimentation of the cells after 
standing undisturbed for 60 min were ob- 
tained within 3 hrs of withdrawing the sample. 
Hemoglobin was converted to acid hematin 
and read on the Klett-Summerson photoelectric 
colorimeter. Mean arterial blood pressures 
were recorded at weekly intervals by direct 
puncture of a femoral artery. Estimations of 
glomerular filtration rate (creatinine), effec- 
tive renal plasma flow and maximal tubular 


* Presented before the American Physiological 
Society, Salt Lake City, Utah, Sept. 6-8, 1951. 

t Solution used was the Swedish product “Mac- 
rodex,” 6% dextran in 0.9% NaCl. 


transfer (p-amino hippurate) were made(1) 
on 2 dogs receiving dextran and on the con- 
trol before and after 7 to 12 wks of injections. 
Results. The repeated injections of dextran 
were well tolerated. Body weights, after an 
initial fall during the control period, were 
maintained with an increase in food intake 
of 25 g (10-12.5% of the total diet). Mean 
arterial blood pressures varied within normal 
limits. Plasma specific gravity was 1.022 to 
1.024 in all dogs throughout the experiment. 
The renal function tests revealed no signifi- 
cant variations from the control. In agree- 
ment with the report of Thorsen(2) no sig- 
nificant pathological changes were found by 
microscopic examination? of the tissues of the 
dog that received 10 ml/kg Macrodex. The 
tissues of this dog were fixed in aqueous 
formalin and therefore were not suitable for 
demonstrating possible dextran deposits. 
Average weekly changes in the hematocrit 
percentage and relative viscosity are shown 
in Fig. 1, where the mean of the preinjection 


TABLE I. Preinjection Mean Values Taken as 
100% in Fig. 1 for Hematocrit Volume and 
Relative Viscosity. 


Subsequent 
treatment 
Dose, Hematoerit Relative 
Sol. ml/kg vol, % viscosity 
Saline 10 41.4 4 
Dextran 10 46.9 4.68 
15 48.8 4.88 
20 41.3 4.01 


¢ We are indebted to Dr. Benjamin Highman of the 
Laboratory of Pathology and Pharmacology for 
this examination. ( 
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SALINE 10 ML/KG DEXTRAN I5 ML/KG 


HEMATOCRIT VOLUME 


---- RELATIVE VISCOSITY DEXTRAN 20 ML/KG 
] SUBCUTANEOUS 
DEXTRAN 10 ML/KG 


: i i i i ! l : i n 
TS 52 3 AS er eae SS Sree so sees 3 SWF 8 1 as 


WEEKS BEFORE+<+WEEKS AFTER WEEKS BEFORE—* +—WEEKS AFTER————> 
INJECTIONS STARTED INJECTIONS STARTED 


FIG. 1. Comparison of changes in hematocrit volume and relative viscosity in the control dog 

and in 3 dogs receiving Macrodex in varying amounts. The mean of the preinjection values 

equals 100%. Each point with bars represents the weekly average of 2 or 3 determinations and 

their range; absence of bars indicates only 1 determination was made that week. Arrows indi- 

eate renal clearance tests. Two additional renal clearances were made on the control dog during 
the 16th and 19th weeks of injection. 
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wone= 10 ML. DEXTRAN / KG. BODY WT. 
—-—— IS ML. DEXTRAN / KG. BODY WT. 
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WEEKS BEFORE WEEKS AFTER 


INJECTIONS STARTED 7 
FIG. 2. Ratio of values shown in Fig. 1 for viscosity (X 10) and hematocrit volumes. 
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om - SALINE CONTROL 

m<2e- 10 ML DEXTRAN / KG BODY WT 

sm==—— 15 ML DEXTRAN / KG BODY WT 
20 ML DEXTRAN / KG BODY WT 


WEEKS BEFORE 


WEEKS AFTER 


INJECTIONS STARTED 
FIG. 3. Sedimentation rates (uncorrected weekly averages) in mm/hr of dogs receiving dextran 
and the control receiving saline. 


values equals 100% (Table I). The ex- 
tremely high values found in the 20 ml/kg 
dog for the single blood sample taken the 
second week before injections began were due 
to inadvertent dehydration. To facilitate 
comparison between dogs, use has been made 
of the ratio of these changes (Fig. 2). The 
mean weekly sedimentation rates uncorrected 
for red cell content are shown in Fig. 3. 
Specific gravity of whole blood and. the 
hemogloblin values followed the hematocrit 
readings, so there was no change in the ratio 
of hemoglobin to mean cell volume. 
Discussion. Whether or not the initial 
decrease in hematocrit percentage after start- 
ing the injections was due wholly to dilution 


is not indicated satisfactorily by the evidence: 


presented. If dilution were the sole factor, 
the smallest dosage should have produced the 
least change in the ratio of cells to plasma. 
Actually, the largest initial decrease was with 
this dosage, while the smallest initial change 
occurred in the dog receiving most dextran. 
Hematocrit decreases attained subsequent to 
the initial values were consistent with the 
dosage administered. Whittaker and Winton 
(3) have shown the depressing effect upon 
biood viscosity of a reduction in hematocrit 
value. In spite of this decrease the relative 
viscosity of the blood of the 2 dogs receiving 
the largest injections was increased. This 
would indicate that injected dextran solution, 


by virtue of a relative viscosity approaching 
that of whole blood (Macrodex is slightly 
more than 3 times more viscous than water; 
plasma relative viscosity is 1.5) (3), compen- 
sates in part for the loss or dilution of eryth- 
rocytes while expanding the circulating vol- 
ume. 

The greatest increase in sedimentation rate 
with the largest injections of dextran confirms 
previous reports(4). Since the rates are 
uncorrected for numbers of erythrocytes, 
these changes are partially due to the hemo- 
dilution. To evaluate the importance of this 
factor, normal dog bloods were diluted with 
their own plasmas or with Macrodex to 
hematocrit readings approximating 90, 80 
or 70% of the original value. Sedimentation 
rates in the plasma-diluted bloods averaged 
67 to 74% of the rates found in the bloods 
diluted with Macrodex. It has been shown 
(5) that the tendency to produce erythrocyte 
aggregation and hence increase sedimentation 
is directly dependent on the molecular size 
of dextran above 60,000. The diminished 
sedimentation reaction as the injections con- 
tinued in the dog receiving 10 ml/kg may 
signify an enhanced capacity to form smaller 
molecules from the freshly injected material. 
Evidence of a diminished reaction to repeated 
injections has been reported in rats(6). 

The gradual disappearance of dextran from 
the blood stream after injection is generally 
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accepted as not being due to quantitative 
storage. The recent report(7) of increased 
glycosuria in phlorizinized starved dogs after 
dextran administration indicates that metab- 
olism to glucose is one avenue of disposal. 
There is evidence in mice of transfer to ex- 
haled COo(8). Partial degradation to smaller 
molecules capable of passing the renal glom- 
erulus constitutes another possibility. 
Summary. Except for a decrease in hemato- 
crit volume, intravenous administration of 
dextran continued for 13 weeks produced in 
3 normal, nonshocked dogs no demonstrable 
harmful effects. Blood viscosity was main- 
tained at or above control levels when the 
injections were 15 to 20 ml/kg body weight. 
The dog receiving 10 ml/kg exhibited a 
tendency to adjust to the foreign polysac- 


charide as evidenced by a return towards 
normal hematocrit values and sedimentation 
rates in spite of continued dextran. 
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Sarcomas Induced in Rodents by Imbedding Various Plastic Films.* 
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In 1948 we reported that sarcomas of 
various types could be induced in albino rats 
in a significant percentage of cases by imbed- 
ding cellophane film subcutaneously in the an- 
terior abdominal wall, or by wrapping it 
around one kidney(1). Since then the ex- 
periments have been extended by imbedding 
cellophane film in albino and black mice, by 
testing alcohol-extracted cellophane, and by 
employing various other plastic films unre- 
lated chemically to cellophane. In addition 
several other materials were imbedded in an 
effort to learn the nature of the carcinogenic 
agent or mechanism involved in the procedure. 
The results of these new experiments are here- 
with reported. 

Method. ‘The method previously described 
(1) was used, except that the film or other 
material was always inserted in the anterior 
abdominal wall, and no further experiments 


* This work was supported by a grant from the 
National Cancer Institute, Public Health Service. 


were attempted with wrapping the film around 
the kidney. The experiments were conducted 
over a period of 4 years. Some overlapped. 
The food cages, handling and room tempera- 
ture were essentially the same. The rats were 
all albinos, of the Wistar strain. Films were 
usually sterilized by immersion in 80% alco- 
hol and then washed in sterile saline solution 
before imbedding. Occasionally sterilization 
of the plastic film was accomplished by auto- 
claving, or by benzalkonium chloride (‘“Zeph- 
iran’) 1:1000 or weaker. As malignant 
tumors arose after any one of these methods 
of sterilization, it is improbable that the par- 
ticular technic of sterilization played a role 
in the result. The malignancy of the tumors 
produced was established by histologic exam- 
ination and usually also by transplantability, 
as previously described(1). Experiments 
lasted 1-2 years. In calculating the percentage 
of positive results, i.e., production of tumors, 
the figures were based on the number of ani- 
mals that survived the minimum period neces- 
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sary for tumor production. In a few in- 
stances the imbedded film could not be found 
at post-mortem examination, probably because 
it had ulcerated out; such cases were not in- 
cluded in the totals. ‘The imbedded plastic 
film was almost invariably enveloped by a 
thin membranous sac from which it could be 
readily removed. This sac was often found 
one week after imbedding the film. The sar- 
coma, if present, was adherent to the outer 
surface of this sac, and not to the film itself. 

Results with cellophane film imbedded in 
mice. ‘The cellophane film was regenerated 
cellulose seamless tubing of .0039” thickness, 
as in previous experiments on rats(1). Squares 
of cellophane film, 1 cm in diameter, were 
imbedded in 50 albino mice of the Longacre 
strain. The results were as follows: 


Shortest time of appearance of a 245 days 
malignant tumor 

No. of mice surviving over 244 days 35 

No. of malignant tumors 8 

Tumors 22.8% 


The tumors consisted of 7 fibrosarcomas and 
one rhabdomyosarcoma. All the tumors ex- 
cept one were transplantable, sometimes to 
the 4th tumor generation. 

Cellophane imbedded in black mice (C57) 
yielded only one tumor in 23 effective imbed- 
dings. This tumor was, however, a typical 
fibrosarcoma and was transplantable to the 
3rd tumor generation. (It is known that this 
strain of black mice is unusually resistant to 
artificial tumor production. ) 

Experiments with linters in rats. Dry wads 
of cotton fiber, known as linters, from which 
this cellophane was manufactured, were im- 
bedded in 50 Wistar albino rats. The linters 
were sterilized by autoclaving. No tumors 
resulted. In all instances in which histologic 
examination was carried out, a foreign-body 
reaction, never a sarcoma, was found. These 
experiments show that the carcinogenic agent 
was probably not the original linters from 
which the cellophane was manufactured. 

Dry wads of sterile surgical cotton were 
inserted into 5 albino rats. After 468 to 634 
days, no tumors resulted; only foreign-body 
reactions around the cotton fibers were found. 

Results with alcohol-extracted cellophane 
in rats. As the nature of the carcinogen in 
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the original cellophane was unknown, an en- 
deavor was made to remove impurities by 
extracting the film as thoroughly as possible 
with hot methanol for 24 hours in a Soxhlet 
apparatus, kindly done by Dr. Hans T. 
Clarke. The extract itself when injected sub- 
cutaneously into rats, produced no tumors. 
On the other hand, sarcomas were produced 
in a high percentage of rats by imbedding the 
extracted film (called by us “cellophane B’’.) 
Results of imbedding alcohol-extracted cello- 
phane (“cellophane B’’): 


No. of rats used 50 


Shortest time of appearance of tumor 263 days 
No, of vats surviving over 260 days 44 
Total No, of malignant tumors 20 
Fibrosarcomas 12 
Incipient sarcomas 38 
Liposarcomas ] 
Osteogenic sarcomas 2 
Myxoma (malignant) 2 
Tumors 45.4% 


On removal from the rat the alcohol-ex- 
tracted cellophane film usually showed opaque 
patches and was less flexible and more brittle 
than on insertion. In contrast, other plastic 
films appeared as transparent and almost as 
glossy after imbedding as on insertion. 

Results with polyethylene film in rats and 
mice. A commercial polyethylene film, 0.002 
mm thick, was first tested, as this was being 
used by surgeons; subsequently a specially 
prepared pure polyethylene was employed. 
Results with the commercial polyethylene 
were as follows: 


No. of rats imbedded 98 
Shortest time of appearance of tumor 892 days 
No. of rats surviving 892 days 80 
No. of malignant tumors 10 
Fibrosarcoma 8 
Rhabdomyosarcoma 1 
Osteogenic sarcoma 1 


Tumors 12.56% 
Polyethylene is not always a pure product. 
For example, it may contain dicety] phosphate 
which is a violent irritant to tissues. Since it 
seemed possible that the carcinogenic action 
might be due to the presence of such additives 
or impurities, a very pure polyethylene was 
prepared with no additive of any kind. We 
have reason to believe that this polyethylene 
film is as pure as can be manufactured. ‘The 
film on insertion was glossy and transparent, 
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TABLET. Results of Imbedding Plastic Films, ete. in Rodents. 
Malignant 
Material Animals No.imbedded tumorsproduced Transplants No. animals 
imbedded used and surviving} No. %o made still alive 
Cellophane (A) Albino rats 42 15 35.7 To 5th tumor 0 
(original) * generation 
ve 29! -mite 35 8 p2.8 4th 0 
bi Black mice 23 1 4.3 3rd 0 
Cellophane (B) Albino rats 44 20 45.4 2nd 0 
after extraction 
with alcohol 
Commercial a ; 80 10 12.5 3rd 0 
polyethylene 
Pure polyethylene iy : 40 St 12.5 1st 15 
: mice 28 3 10.7 Ist if 
Vinyl film Tats 44 14t 31.8 2nd 5) 
Cotton linters Sg iy 50 0 0 — 0 
Surgical cotton py, a 5 0 0 — 0 
Glass cover-slips 4h aE 50 Ot 0 —_ Site 3 


* The experiments with this original Cellophane (A) appeared in our previous publication, and are 


included here for completeness. 
t Incomplete. 


¢ Surviving minimal time for tumor production. 


and when removed from the animal after pro- 
longed imbedding, showed little or no change. 
Results of imbedding pure polyethylene 
film in rats and mice. To the present, this 
film on imbedding in rats produced 12.5% 
fibrosarcomas. Fifteen rats are still alive, 
about 20 months after imbedding the film. In 
another series of experiments with albino mice 
(Paris strain) 10% of fibrosarcomas were 
produced. Only one mouse is still alive 19 
months after imbedding. It is possible, but 
improbable, after such long intervals that 
more sarcomas will appear in these animals. 
Results of imbedding vinyl chloride film in 
rats. This is an opaque film. 
ding the only obvious change was less flexi- 
bility. The results were as follows: 
No. of rats imbedded with film 45 


Earliest time of appearance of tumor 189 days 
No. of rats surviving for over 189 days 44 


No. of malignant tumors 14 
Fibrosarcoma 12 
Liposarcoma a. 
Unelassified malignant sarcoma 1 


Five rats are still alive, about 22 months 
after operation. 


Tumors—to date 31.8% 


Results of imbedding glass cover-slips in 
anterior abdominal wall of rats. Since cello- 
phane, polyethylene, and vinyl chloride film 
all produce sarcomas in a variable percentage, 
and yet appear to have no common chemical 
factor to explain their carcinogenic effect, the 


After imbed-. 


question of chronic mechanical irritation 
arose. Therefore chemically-clean round 
glass cover-slips, approximately 0.2 mm thick 
and 18 mm in diameter, were imbedded sub- 
cutaneously in the anterior abdominal wall of 
50 rats. At post-mortem examination these 
cover-glasses were occasionally found to be 
cracked or splintered. Up to the present, 12 
to 14 months after insertion, no tumors have 
been produced, but 23 rats are still alive. 
These negative results, combined with those of 
experiments with linters and surgical cotton, 
afford avidence that the chronic irritation 
alone of these foreign bodies does not produce 
tumors. They also serve, in a measure, as 
controls for our positive results with plastic 
films. 

A summary of the results of all our experi- 
ments is given in Table I. For the sake of 
completeness we have included the results of 
our previously published experiments on the 
original cellophane (called by us ‘‘cellophane 
A”.) Throughout this series, tumors reported 
as artificially induced all arose at the site of 
imbedding of the plastic films. Among the 
636 autopsies performed on these rodents, 13 
spontaneous tumors were found, but these 
could not be confused with the artificially 
induced tumors, since they arose at sites other 
than the place of imbedding. 


Discussion. The results of these experi- 
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ments are of both theoretical interest and pos- 
sibly of some practical importance. At pres- 
ent we have no explanation of the mechanism 
by which the imbedding of these particular 
plastic films results in sarcomas of various 
types. Histologically these tumors resemble 
those obtained in rodents by the injection of 
benzpyrene; but the plastic films used here 
are all polymers, not aromatic hydrocarbons. 
One should recall that Turner(2) found acci- 
dentally that bakelite disks implanted for 
long periods in albino rats produced fibro- 
sarcomas. As yet we have not found a plastic 
film which did not produce sarcomas, but 
other materials are now being tested with our 
technic. 

The question of mechanical irritation and 
carcinogenesis is an old and broad one, and is 
still open. Our evidence does not favor mech- 
anical irritation as the cause by itself of tumor 
production. In endeavoring to find an explana- 
tion for the carcinogenic effect of these films, 
differing as they do from one another in chemi- 
cal composition and with no apparent com- 
mon chemical factor, one obvious suggestion 
is that the tumor is caused by some impurity, 
such as an additive or plasticizer used in their 
manufacture. This. explanation is rendered 
less likely by the finding that cellophane 
thoroughly extracted with alcohol, whereby 
most of such impurities would be removed, is 
at least as carcinogenic as the original film. 
Moreover, the pure polyethylene, without ad- 
ditives, produces about the same percentage 
of tumors as the commercial film. As to pos- 
sible practical implications of these experi- 
mental results, it is known that plastics are 
now being used for a great variety of very 
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useful purposes by surgeons. It must be em- 
phasized again that so far there is no reported 
instance in which the imbedding of a plastic 
film in a human being has resulted in a malig- 
nant tumor. 


Summary. 1. Sarcomas have been pro- 
duced in rats by imbedding subcutaneously 
various plastic films, namely cellophane, an 
alcohol-extracted cellophane, a commercial 
polyethylene, a very pure polyethylene and 
vinyl chloride film. 2. Sarcomas have been 
produced in mice, but in a lesser percentage 
of cases, by imbedding cellophane and pure 
polyethylene film. 3. Apparently impurities 
and additives in the films do not account for 
the production of these malignant tumors. 
4. So far every plastic film tested has pro- 
duced sarcomas in a certain percentage of in- 
stances. 5. Other foreign bodies, such as 
linters, surgical cotton and glass cover-slips 
similarly imbedded in the anterior wall of rats 
have not produced malignant tumors. 6. No 
adequate explanation of the mechanism of this 
carcinogenic effect of imbedded plastic films 
has been found. 7. The experiments have 
been limited to rats and mice. 


Conclusion. A group of agents, all poly- 
mers, and differing from previously known 
carcinogens, has been found to be carcinogenic 
for rats and mice. 


1. Oppenheimer, B. S., Oppenheimer, Enid T., and 
Stout, Arthur Purdy, Proc. Soc. Exe. Bror. anp 
Mep., 1948, v67, 33. 

2. Turner, Floyd C., J. Nat. Cancer Inst., 1941, 
v2, 81. 
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Effects of Vitamin By, and Penicillin on Thiouracil Action in Chicks.” 
(19381) 


Davin Lissy AND JosepH Merrss.! 


From the Departments of Poultry Husbandry, Physiology and Pharmacology, Michigan State 
College, Hast Lansing, Mich, 


Retardation of growth in young rats fed 
0.1% thiouracil(1) or following parathyroid- 
ectomy(2) on a vit. Byo-deficient diet was at 
least partially counteracted by vit. Byz sup- 
plementation. Survival rate in the latter rats 
was also significantly increased by vit. Bye. 
Although thyroid hyperplasia in some of the 
thiouracil-treated rats appeared to be pre- 
vented by vit. Bio, subsequent work in this 
laboratory and by Greer(3) showed that the 
vitamin does not modify this action of goitro- 
gens, 

Vit. By. and penicillin have both been 
shown to stimulate growth in chicks, The 
vitamin is believed to enhance protein syn- 
thesis(4,5) and increase nitrogen retention 
(6), while penicillin has recently been demon- 
strated to spare vit. By»o, folic acid, choline, 
riboflavin, and pantothenic acid in the chick 
(7). Since the hypothyroidism accompanying 
thiouracil administration results in decreased 
body growth and appetite, it was of interest 
to see whether vit. Bo and penicillin would 
counteract these effects in chicks. It was also 
pertinent to determine whether the vitamin 
and antibiotic would modify the action of 
thiouracil on thyroid and comb weight, 

Procedure. \n the first experiment, day 
old, single comb, male White Leghorn chicks 
were divided into 8 uniform groups of 12 each, 
and were fed the vit. By,o-deficient ration of 
Miller and Groschke(8) for one week. For 
the next 4 weeks, the ration was supplemented 
with 0.1% thiouracil and/or 0.5 to 4.0 pg % 
vit. Byo,+ according to the grouping shown in 


* Published with the approval of the Director of 
the Michigan Agric. Exp. Station as Journal Article 
No. 1315, 

+ These studies have been aided in part by a re- 
search grant from the Division of Research Grants 
and Fellowships of the National Institute of Health, 
U. S. Public Health Service. 

+ Crystalline vit. By, was kindly supplied by Merck 
and Co.,, Rahway, N. J. 


Table 1. Body weight and food consumption 
were measured weekly, At the end of 4 weeks, 
all birds were sacrificed and the thyroids and 
combs were removed and weighed. In the 
second experiment, day-old Rhode Island Red 
chicks were approximately evenly divided be- 
tween males and females into 6 groups of 12 
each, They were initially placed on the vit. 
Byo-deficient diet for 2 weeks, and for the 
following 3 weeks the diet was supplemented 
with 0.1% thiouracil, 4.0 pg % vit. Bye or 
2 mg of procaine penicillin G per pound of 
food, The optimal level of vit. Byo for growth 
in Rhode Island Red chicks had previously 
been shown to be about 2.0 we %(8), and 
hence the chicks in this experiment were re- 
ceiving about twice the optimal level. At the 
end of 3 weeks, the birds were killed and the 
thyroids were removed and weighed, The 
chicks in both experiments were maintained 
on wire floors in battery brooders, with feed 
and water available at all times. 

Results, The data from the first. experi- 
ment are summarized in Table I. The addi- 
tion of 0,5 to 4.0 pe % vit. By2 (Groups 2, 
3, 4) to the basal ration increased body weight 
and food intake above the controls (Group 1). 
No explanation can be offered as to why 2,0 
pg Yo vit. Bye proved less effective in these 
respects than 0.5 wg % vit. By. The vitamin 
did not alter thyroid or comb weight. ‘Thiou- 
racil (Group 5) markedly reduced average 
body weight gains and appetite, and more food 
was required per g of gain in body weight. 
Thyroid weight was increased about 12-fold 
while the combs weighed only about ‘th as 
much as in the controls. The latter indicates 
that thiouracil drastically reduced androgen 
levels in the body. Vit. Byy (Groups 6, 7, 8) 
partially counteracted the depression of 
growth and appetite by thiouracil, but did not 
alter its action on thyroid and comb weight. 
It can be seen that the larger doses of vit. 
Biz were more effective in preventing growth 


Avg body wt, ¢ 


EFFECTS OF VITAMIN B,. AND PENICILLIN 


—Aryg food intake—, 
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TABLE I. Effects of Vit. By. on Thiouracil Action in Male Leghorn Chicks, 8 Groups. 


Avg comb wt 
per 100 g 


Avg thyroid 


Per g gain wt. per 100 ¢ 


Treatment Initial Gain Daily body wt body wt, mg body wt, mg 
Controls 59.7 270.4 22.3 23 83+ .4* 575 + 19.8* 
5 ug Ye Byo 59.1 324.6 25.7 2.4 85+ 3 655 + 213 
2 ’ 61.5 290.5 24 2.4 S77 =e. 4 569 + 16.8 
4 a 58.8 344.5 26.9 a2 Pits wet ee! 5387 = 22.5 
AM: 59.6 151.3 3 3.2 99.9 + 21 67 + G64 
T) Sue % Big 58.5 161.3 16.6 3.4 89.8 + 14.5 664+ 7.9 
T+ 2 a3 59 177.1 17.4 3.3 86.5 + 10.4 64.2 + 10.2 
T+ 4 2 59 192 20.2 2.9 115.8 + 19.6 4824 7.5 

Bi Sd" 
* Stand. error of mean= | < 
V nal) 
+ T = Thiouracil. 
TABLE M1. Effects of Vit. Byo and Penicillin on Thiouracil Action in Rhode Island Red Chicks, 
6 Groups. 
Avg thyroid 
—Ayg body wt, 4 Food/gain wt/100 ¢ 
Treatment Tnitial Gain ratio body wt, mg 
Controls 88 125.5 3.27 15.7 
4 ug % Byo 86 140.1 3.08 17.5 
Lisg 88.7 97.1 4.07 153.4 
T+ 4ug % Bys 88.5 123.7 3.05 143.4 
T + penicillin 76 137.3 2.81 138.4 
T + 4ug % Bys + penicillin 75.2 154.2 2.59 159 
* Thiouracil. 
inhibition than the smaller doses. vit. By2, or by penicillin in the chicks. It is 


In the second experiment (Table II), 4.0 
ug % vit. By. (Group 2) enhanced body 
growth and appetite of the Rhode Island Red 
chicks, but apparently this vitamin level was 
not as effective as in the Leghorn chicks. 
This suggests that the Rhode Island Red 
chicks had greater initial reserves of vit. By 
in their bodies than the Leghorn chicks. 
Thiouracil (Group 3) reduced average body 
weight gains and appetite, and increased the 
food/gain ratio. Vit. By. (Group 4) and pen- 
icillin (Group 5) completely overcame the 
thiouracil-induced inhibition of growth, while 
the combination of the vitamin and antibiotic 
was considerably more effective than either 
alone. Thyroid hyperplasia in the thiouracil- 
treated chicks was not prevented by the vita- 
min or antibiotic. 

Discussion. In general, these data on 
chicks are in agreement with those previously 
reported in rats(1,2).  Thiouracil reduced 
body growth and appetite in both species, and 
these were at least partially counteracted by 


that the greater 
effective than the 


believed to be significant 
doses of vit. Bio were more 
lower doses in overcoming growth inhibition 
by thiouracil in the Leghorn chicks. This 
suggests that still higher levels of vit. Bio 
than used might have resulted in more com- 
plete counteraction of growth inhibition. The 
favorable action of penicillin on growth in the 
Rhode Island Red chicks cannot be attributed 
entirely to a sparing of vit. By» since it proved 
to be more effective than twice the optimal 
dose of the vitamin. It appears probable that 
the antibiotic also made larger quantities of 
other vitamins available to the chicks. 
Neither the normal thyroids of the control 
chicks nor the greatly hyperplastic thyroids 
of the thiouracil-treated chicks were influ- 
enced by vit. Bys or penicillin. Similarly, vit. 
By or antibiotics failed to alter thyroid ac- 
tivity in euthyroid(9), hypothyroid(1) or 
hyperthyroid rats(9-11), despite stimulating 
body growth in these animals. This suggests 
that the favorable actions of vit. By. and anti- 


Bi2Z 


biotics on growth are exerted independently 
of any effect on thyroid function. However, 
it does not preclude the possibility that 
marked changes in thyroid activity can alter 
normal nutritional requirements of the body. 
Thus hypothyroidism generally decreases body 
growth and is believed to reduce dietary re- 
quirements, while severe hyperthyroidism also 
reduces body growth but is believed to in- 
crease nutritional requirements(12). If one 
considers normal body growth as a criterion 
of adequate dietary intake, then the favorable 
effects of vit. By2 or antibiotics can be consid- 
ered as indicative of increased nutritional 
needs under either thyroid condition. 


Summary. 1. White Leghorn male and 
Rhode Island Red chicks of both sexes were 
fed a vit. Byo-deficient ration which was sup- 
plemented with 0.1% thiouracil and/or 0.5 
to 4.0 ug % vit. Bis or 2 mg procaine peni- 
cillin G per lb of food, After a preliminary 
depletion period of one and 2 weeks, respec- 
tively, on the vit. B,2-deficient diet, the chicks 
were fed the above supplements for an addi- 
tional 4 or 3 week period. 2. Thiouracil 
markedly reduced body weight gains and food 
intake in both breeds of chicks, and increased 
the grams of food required for each gram of 
gain in body weight. Vit. By. and penicillin 
partially or completely counteracted this 
growth depression and increased appetite. 
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The larger doses of vit. Big were more effective 
in these respects than the smaller doses. 3. 
The large increase in thyroid weight and 
severe inhibition of comb growth induced by 
thiouracil were not influenced by the vitamin 
or antibiotic. 4. In general, these results cor- 
roborate previous data on the effects of vit. 
B,2 and antibiotics on rats fed thiouracil or 
following parathyroidectomy. 
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Volume of Distribution of Radiosulfate as a Measure of the Extracellular 


Fluid. 


M. WALSER. 


(19382) 


(Introduced by A. Goth.) 


From the Department of Internal Medicine, Southwestern Medical School, University of Texas. 


Virtual equilibrium following the injection 
of certain tracer ions, such as Na* and CT, 
requires several hours or days, presumably be- 
cause exchange rates with some of the intra- 
cellular unlabelled ion are very slow(1,2). On 
the other hand, substances such as mannitol, 
which are largely excluded from body cells, 
may attain equilibrium~throughout the extra- 
cellular fluid within 50 minutes, even though 
slow cell. penetration occurs thereafter(3). 


Sulfate, as a consequence of its rapid capillary 
exchange rate(4), might be expected to attain 
equilibrium throughout the extracellular fluid 
even more rapidly. Studies with unlabelled 
sulfate indicated that this is the case(5). 
Studies were undertaken of the distribution 
and excretion of radiosulfate in normal human 
subjects. S-35 has a convenient half-life of 87 
days and can be administered to man without 
hazard.* A dose of 100 pct was injected in- 


travenously from calibrated 5 cc syringes 
during the course of one minute. Samples of 
serum or plasma drawn at intervals after the 
end of injection and an aliquot of the injected 
material appropriately diluted were enriched 
with sodium sulfate to minimize errors due to 
changes in self-absorption. Serum proteins 
were precipitated with trichloracetic acid. 
| Sulfate was precipitated as the benzidine salt 
and collected on filter papers, which were per- 
'. manently mounted on aluminum discs(6). 
_ Urine samples, obtained without the use of 
catheters, but with sufficiently great urine flow 
in most cases to minimize dead space errors, 
were analyzed similarly except that the 
amount of sulfate precipitated was determined 
by weighing each sample. Self-absorption 
corrections relative to the weight of the 
plasma samples were applied from an empir- 
ically determined curve. Radioactivity was 
measured by mica-window Geiger counter 
tube. Duplicates differed by an average of 
0.7%. 

: Fig. 1 shows a composite concentration- 
time curve of plasma activity for 7 normal 
subjects. Values during the first 13 minutes 


Plasma $404 


5 10 Ne ROY RRR fos 35-40 45 50 $s 60 
Minutes after end of injection 


FIG. 1. A composite concentration-time curve of 

plasma activity for 7 subjects. For each subject 

(vepresented by a single type of symbol) curves 

were adjusted to the same 18 min value by appro- 

priate factors. A curve of best fit for the entire 
group was drawn visually. 


* 100 microcuries, if wholly retained in the body 
of a 70 kg man and eventually decayed there, would 
~ produce only 0.6 roengten equivalents physical. 
t The S-35 labelled sulfate was obtained from the 
Oak Ridge National Laboratories on authorization 
by the Atomic Energy Commission. 
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in per cent of equilibrium va 
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FIG. 2. Equilibration of radioactive sulfate. Ex- 


cess plasma activity over the later slow rate of 

disappearance is plotted against time on a semi- 

logarithmic scale for four subjects. The line was 
drawn visually. 
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Vo as per cent of body weight 
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Time in minutes after Injection 
FIG. 3. The increase in volume of distribution 
(Vp) of radioactive sulfate with time in seven 
normal subjects. Volumes are expressed as % of 
body wt. 


were obtained from femoral arterial samples 
in order to reduce fluctuations due to intra- 
vascular mixing, in 4 of the 7 subjects. 

The curves for these 4 subjects were ana- 
lyzed into 2 additive rates. This was done 
by extrapolating the later, straight part of the 
curve back to zero time on a semi-logarithmic 
plot and tabulating the differences between 
this line and the obtained values at each point. 
This difference is plotted semi-logarithmically 
against time in Fig. 2. For each subject a 
straight line with a decay constant of approxi- 
mately 0.28 is obtained. The difference is 
plotted as per cent of the 18 minute value for 
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TABLE I. Volume of Distribution at 18 Min of Radioactive Sulfate in 10 Normal Subjects. 


Height, Vol of dis- Body wt, 

Subject em Sex Wt, kg tribution, 1 % 
H 173 3} 75 14 18.7 

WwW 183 é 78.8 13.4 abe 
MW 182 g 70 10.6 15.1 
B 175 g 82.5 13.8 16.8 
J 185 é 84.6 13.8 16.3 
N 170 Q 54.7 10 18.4 
BL 164 fe) 48.4 8.2 16.9 
LS 162 fe) 65.2 8.4 12.9 
8 177 3 79.6 12.2 15.3 
JM 180 é 43.3 6.8 15.7 
Avg 16.3 


convenience in order to combine the results for 
all 4 subjects. 

From 15-20 minutes on, the rate of fall of 
the plasma concentration is much slower 
(decay constants .003-.007). 

In order to determine the extent to which 
urinary loss accounted for this later slow fall 
in the plasma concentration, the volume of 
distribution was measured at intervals follow- 
ing injection. It was calculated as the amount 
injected minus the amount excreted divided 
by the interstitial fluid concentration.+ 
Eighteen minutes was selected as the first in- 
terval since the early rapid rate appeared to 
be completed at this time. The results are 
shown in Fig. 3. A progressive increase in the 
volume of distribution with time is noted in 
all subjects. 

These results were interpreted to mean that 
radiosulfate becomes distributed throughout a 
certain compartment within 15-20 minutes, 
and slowly penetrates beyond it thereafter. 

Two alternative hypotheses were consid- 
ered: first, that this compartment represents 
only the more accessible portions of the extra- 
cellular fluid, and that penetration into the 
remainder of the extracellular fluid proceeds 
at a much slower rate; and secondly, that this 
compartment corresponds to the anatomic 
extracellular space and further penetration 
represents cellular uptake. A slow rate of 
uptake by bone and cartilage has been ob- 
served(7). 


¢ The plasma water concentration was divided by 
0.90 to obtain interstitial fluid concentration. This 
is a reasonable approximation for the Gibbs-Donnan 
factor for divalent ions. No experimentally deter- 
mined factor for sulfate was found in the literature. 


In order to attempt to answer this question 
the magnitude of the 18 minute space was 
determined in normal subjects. The results 
are shown in Table I. It should be noted that 
omission of corrections for plasma water and 
Donnan effect would increase each space 12%, 
changing the average value to 19.5% of body 
weight. The corrected mean of 16.3% body 
weight corresponds closely to the figure of 
16% for ECF given in a recent review of 
compartment measurements by Levitt and 
Gaudino(8). 

The constancy of this compartment was de- 
termined by serial measurements at intervals 
of several days in 6 individuals. In 9 out of 
10 instances, the volumes checked within 0.3 
liter. 


These results tend to support the second 
hypothesis—that sulfate becomes distributed 
throughout the extracellular space within 15- 
20 minutes. It also seems improbable on 
a priori grounds that penetration into the in- 
terstitial fluid should proceed at 2 so vastly 
different rates, but this possibility cannot be 
excluded at present. Sheatz and Wilde re- 
ported rapid disappearance of radiosulfate in 
rats, but found volumes of distribution 34% 
of body weight 30 minutes after injection(4). 
The explanation of the discrepancy between 
this value for rats and the value for man re- 
ported here is not evident. 


Summary. Radiosulfate becomes distrib- 
uted within 15 to 20 minutes in a reproducible 
space which is 16% of the body weight in 
man. It is suggested that this space may 
correspond to the extracellular fluid. 
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In a previous study, prolonged retention of 
bromsulfalein (BSP) was observed in pa- 
tients with regurgitation jaundice(1). The 
present experiments were performed to study 
this phenomenon in the laboratory animal. 
The work of Snell, Greene, and Rowntree(2), 
and Cantarow and Wirts(3) suggested that 
phenoltetrachlorphthalein in the dog and 
bromsulfalein (phenoltetrabromphthalein) in 
the cat were cleared from the plasma rather 
rapidly despite complete biliary obstruction. 
These observations have been extended in the 
present study of BSP retention in dogs and 
rats with common bile duct ligation. 

Material and methods. Six mongrel dogs 
were anesthetized with intravenous pento- 
barbital and the common bile duct of each 
was sectioned between 2 ligatures. Following 
complete recovery, BSP (5 mg per kilo) was 
injected intravenously. Tests were done at 
weekly intervals in each animal for an aver- 
age of 3 weeks. Serum was analyzed for dye 
before each injection, and at 1%, 24, 48 and 
72 hours after the injection. The same opera- 
tion was performed in 13 Sprague-Dawley rats 
under ether anesthesia. After recovery, 5 mg 
of BSP per 100 grams of body weight were 
injected intravenously or intraperitoneally. 
Serum obtained by cardiac puncture was an- 
alyzed at the same intervals as for the dogs. 
One test only was done in each rat. The 
method of Gaebler (4) using the Evelyn photo- 
electric colorimeter was employed in determin- 


TABLE J. Duration of BSP Retention in 
Experimental Obstruetive Jaundice. 


Dog” tat” 


9 
-48 hr § 9t 
-72 hr 2 4t 
“No. of tests performed, 
+ Dye inj, intrap. 
Po OS 728 bray, 


TABLE Il. Average Daily Urinary Excretion of 
BSP in Experimental Obstructive Jaundice,” 


Day Dog Rat 
7 3 ARG 22 PRAT 
2 2 7 
5] 0 ] 
4 0 ) 


( 
Total 44 30 


*% of amount inj. 
ing serum concentration of dye. Abnormal 
retention was considered present if the con- 
centration exceeded 0.5 mg % in dogs(5) 
(equivalent to 5% retention), and 1.0 mg % 
in rats(6). 

Results. In Table I, it will be seen that in 
dogs with complete biliary obstruction, with 
serum bilirubin values ranging from 8-12 mg 
%, BSP was removed from the serum within 
72 hours. A similar rapid clearance was also 
observed in rats with common bile duct ob- 
struction. The serum bilirubin in these ani- 
mals was 5-6 mg %, 

Analyses were carried out to determine how 
much of the retained dye was excreted. An 
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analysis of the feces revealed no dye. This 
is not surprising since its presence in the stool 
requires a patent biliary system. In regard 
to renal excretion, Table II shows that in both 
species studied, less than 55% of the adminis- 
tered dye appeared in the urine. 

Discussion. It is apparent that the results 
obtained in dogs and rats with regurgitation 
jaundice differ significantly from similar obser- 
vations in human subjects(1). The rapidity 
with which BSP disappears from the serum of 
these animals suggests that other mechanisms 
are present for removal of dye in the absence 
of hepatic excretory function. 

Cohn, Levine and Streicher showed that 
BSP is removed from the serum of the hepa- 
tectomized dog(7). Our data indicate that 
the dye is similarly removed when normal 
hepatic pathways are blocked. These data, 
however, are not applicable to BSP removal 
in man(1,8). 

It has been stated that the kidney is able 
to excrete significant amounts of BSP when 
the serum concentration remains elevated for 
prolonged periods(9). In our experiments, 
30-50% of the amount of dye given was re- 
covered in the urine. Mechanisms of removal 
‘or destruction other than renal, therefore, 
probably play a role when the dye is not com- 
pletely excreted through normal channels. In 
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this connection, Brauer and coworkers have 
demonstrated that BSP may be chemically 
altered by the liver(10,11). 

Summary, In dogs and rats with complete 
biliary obstruction, the retention of BSP in 
the serum was of much shorter duration than 
that previously observed in man. Conclusions 
concerning mechanisms of BSP removal in 
man based on observations made in the dog 
must be questioned in the light of these data. 
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Effect of Chloromycetin and Streptomycin on Embryonic Tissue Growth in 


In vitro Tissue Culture. 


(19384) 


Matruew H. Fusirro, Josep F, Mretzcrr, AND Dwicnt M. KuuNs. 
(Introduced by Leland W. Parr.) 


From the Laboratory Service, Walter Reed Army Hospital, Washington, D.C. 


In a recent survey of the literature, it was 
noted that few reports have been presented 
concerning the effects of chloromycetin and 
streptomycin on normal cells in in vitro tissue 
culture. Ikegaki(1) has reported on the de- 
pressive effect of streptomycin on _ tissue 
growth, while Rodkova(2), Lepine, et a/.(3) 
have presented conflicting data concerning 
chloromycetin. 

Experiments were conducted in our labora- 
tories with the following aims: (a) To satisfy 


increasing interest in the action of antibiotics 
on normal cells, with a view toward using 
antibiotics to help maintain sterility in tissue 
cultures. (b) To attempt to confirm the few 
existing reports. 

Methods and Materials. Chloromycetin: 
Test solutions of chloromycetin were made up 
in the Tyrode portion of the usual tissue cul- 
ture media(4) which was made up to the fol- 
lowing concentrations in the final nutrient 
media: 1200, 900, 600, 480, 360, 240, 120 and 
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60 g/ml. Streptomycin: Test solutions of 
streptomycin sulfate were made in the same 
manner previously described in the following 
concentrations: 120000; 90000; 60000; 45- 
000; 30000; 15000; 6000; 4500; 3000; 1000; 
600; 450; 300; 150; and 60 g/ml. Tissue 
culture: Tissue culture studies were conducted 
by the roller tube technic using a chicken 
plasma clot. Chicken plasma was obtained 
commercially (Difco), while the chick embryo 
juice was prepared in these laboratories. Chick 
embryo heart explants, cut into pieces about 
1 mm square were obtained from 9-day-old 
chick embryos. The radius of growth about 
the explant was measured after 48 hours in- 
cubation at 37°C. The “average index of 
growth” listed in the tables is the average 
radius of new growth about the explants in 
the indicated groups with their respective 
standard errors. Duplicate experiments were 
conducted. 

Results. Table 1. Chloromycetin. Concen- 
trations up to and including 360 g/ml had no 
significant inhibitory effect. A slight but 
consistent increase in growth was opserved 
at 240 pg/ml, but this cannot be borne out 
Statistically on the basis of the small number 
of cultures tested. Growth was reduced but 
not completely inhibited at concentrations of 


TABLE I. Effect of Chloromycetin on Embryonic 
Cells in Tissue Culture. Growth index in relation- 
ship to chloromycetin free controls. 


Cone. of 
chloromyeetin, Avg index of growth* No. of 
pg/rol ' Exp. 1 Exp. 2 explants 
Controls 387.645.2 64.74 2.3 43 
60 35.7 +4.2 65.7 + 4.2 10 
120 458+8.2 606+4.6 14 
240 84834 8.1 72.54 4.6 14 
480 411444 55 44.1 16 
600 29.9+3.8 525+ 3.4 17, 
900 Oe sea 15.7 + 4.2 14 
1200 204-- 04 2 + .04 13 


* Index is average radius of new growth about 
the explants. 


~N 


TABLE II. Effect of Streptomycin on Embryonic 
Cells in Tissue Culture, Growth index in relation- 
ship to streptomycin free controls. 


Cone. of 
streptomycin, Avg index of growth* No. of 
ug/ml Exp. 1 Exp. 2 explants 
Controls 89.9 + 4.6 46 + 6.6 8 
60 67.8458 45.1+1.8 14 
150 69.1 + 5.4 Not readt 15 
300 72.7+64 Not readt 10 
450 45 + 6.2 3.0 + 4,2 2 
600 6164.4.2 47.84 3.6 16 
1500 64.4 + 6 51.1 + 3.6 16 
3000 54.38 + 3 39.1 + 4.8 13 
4500 58.344 4 en sh 13 
6000 54 + 2.6 Not readt 11 
15000 i, = 8.2) we. E'3.2 3 
30000 12.2 + 2.1 5 +4 2 
45000 2.0 11 3 + 2.4 13 
60000 Not readt 3.3+1 16 
90000 Nogrowth No growth 17 
120000 a ae 15 


* Index is average radius of new growth about 
the explants. 
+t Explants not clotted. 


480 »g/ml and higher. The latter substan- 
tiates the reports of Rodkova and Lepine. 

Table IL. Streptomycin. Growth was mark- 
edly reduced by concentrations of 6000 to 
15000 pg/ml and was completely inhibited 
by a concentration of 90000 ng/ml. Generally 
this is in agreement with the results of Ike- 
gaki. 

Summary. Growth of normal embryonic 
tissue was completely inhibited by concentra- 
tions of 90000 and greater »g/ml of strepto- 
mycin. Growth was partially inhibited by 
concentrations of 480 pg/ml through the high- 
est concentration of chloromycetin tested. 
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Thyroid and Adrenal Response to Varying Dose Levels of Epinephrine. 
(19385) 


Avsert L, Botkin anv J. T. Tew. 


(Introduced by H. Jensen.) 


From the Army Medical Research Laboratory, Fort Knox, Ky. 


It has become apparent that the release of 
the adrenocorticotropic and thyrotropic hor- 
mones for the anterior pituitary is dependent 
upon the physiological state and needs of the 
animal. The nature of the stimulus to the 
pituitary is still in question. The role of 
epinephrine in the release of these hormones 
has been considered by a number of workers 
(1-5). In the absence of quantitative data 
on the influence of epinephrine on the func- 
tional activity of the adrenal and_ thyroid, 
the present study was undertaken to determine 
and compare the simultaneous responses of 
these endocrine organs to varying dose levels 
of epinephrine. 


Metheds. Male rats of the Sprague-Dawley 
strain weighing 200-250 g were used. They 
were maintained on Purina laboratory chow 
and tap water until 18-24 hours before sacri- 
fice, at which time they were deprived of 
food but allowed water ad Wb. Two hours 
before sacrifice, each experimental animal was 
injected with 1.0 ml of epinephrine in 0.9% 
NaCl (containing 10, 20, 30, 50. or 100 zg 
of epinephrine.*), and each control was in- 
jected with 1.0 ml of saline. Thyroid P™* 
Studies. Four hours before sacrifice each rat 
was injected intraperitoneally with 1.0 ml of 
T* solution containing approximately 5 
microcuries of carrier free [F°'t made to 
volume in phosphate buffer of pH 7.4. The 
animals were sacrificed by a sharp blow at 
the base of the skull and exsanguinated via 
a thoracic incision. The thyroid glands were 
removed, weighed and analyzed for their total 
and organic bound [* contents according to 
the procedure of Botkin and Jensen(5). Con- 
trel groups of 6 rats (saline injection) were 
run with each set of experimental animals 


* Epinephrine Injection, U.S.P.,. 1:1000, Abbott 
Laberateries. 

* The radioactive iodine(E*!) used in this investi- 
gation was supplied by the Oak Ridge National 
Laberateries on allocation from the Isotepes Division, 
U_S. Atomic Energy Commission. 


TABLE I. Adrenal Cholesterol Content and Thy- 
roid I Content After Epinephrine Injection. % 
deviation from control. 


—_— ug epinephrine————_,, 
10 20 30 50 100 
Adrenal -6.2 -16 -19.9 -23.4 -30 
cholesterol F 
Thyroid E™ 5.7 -10.1 —-15 -16.5 -241 © 


(epinephrine injection). Groups of 12 or 24 
experimental animals were used for each 
epinephrine dosage level. All values for I*** 
content were calculated as percent of the 
injected dose; those for the experimental 
animals are expressed as percentage deviation 
from control values and are illustrated in 
Table I. 

Adrenal Cholesterol Studies. The animals 
were sacrificed by decapitation. Adrenals 
were removed, weighed and analyzed for total 
cholesterol by a modification of the method 
of Schoenheimer and Sperry(6). Control 
animals were run with each set of experi- 
mentals. Groups of 12 or 19 experimental 
animals plus 3 control animals were used for 
each epinephrine dosage level. All values 


were calculated as mg cholesterol per 100 mg 


adrenal wet weight; those for the experimental 
animals are expressed as percentage deviation 
from control values and are shown in Table I. 


Results. Thyroid I*** Studies. Of the 
epinephrine dosages employed 10 ug pro- 
duced a slight but not significant decrease in 
thyroid I’ content. With larger dosages 
there was an approximately linear decrease of 
T'** content of the gland from 10.1% ‘below 
control values at 20 wg to 24.1% below 
control values at 100 zg (Table I). 


Adrenal Cholesterol Studies. The decrease 
in adrenal cholesterol content observed after 
various levels of epinephrine injection paral- 
leled very closely the degree of decrease found 
for thyroid I**! content. An insignificant de- 
crease was produced by 10 ug. Progressively 
larger responses from 16.0% decrease at 20 pg 
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to 30.0% decrease at 100 pg were found 
(Table I). 

Discussion, The parallel responses of both 
thyroid 1I'*! content and adrenal cholesterol 
content at the same short (2 hour) interval 
after administration of varying amounts of 
epinephrine might indicate a simultaneous 
stimulation of these endocrine organs. ‘The 
question of whether the content of a hormone 
or its precursor in an endocrine organ is an 
accurate index of the amount of hormone re- 
leased into the circulation must be considered 
in this connection. 

The nature of the “epinephrine” stimuli 
which provoke an increased rate of release of 
adrenocorticotropin from the anterior pitui- 
tary has been actively investigated. Sayers(7) 
has expressed the view that this tropic hor- 
mone output from the anterior pituitary is 
regulated by the level of circulating target 
organ hormone. The metabolic effect of epi- 
nephrine may act to increase tissue utilization 
of the target organ hormones with a conse- 
quent lowering of venous titer of the hormones. 
Long and his associates(8,9) propose a 
biphasic mechanism whereby, in addition to 
regulation by the level of circulating target 
organ hormone, there is a direct stimulation 
of the pituitary by epinephrine. 

It is possible that a mechanism of the type 
discussed above may also regulate the release 
of thyrotropic hormone from the anterior 
pituitary. 

The apparent resulting increased release of 
both adrenocorticotropin and thyrotropin from 
the pituitary as suggested by the results of the 
present investigation probably cannot be 
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maintained under all circumstances for an ex- 
tended length of time but may give way to 
an increase of one at the expense of the other. 

Summary. The smallest intraperitoneal dose 
of epinephrine which produces a_ significant 
response from the thyroid and adrenal glands 
of the rat in two hours (as measured by 1'#! 


concentration and cholesterol content respec- 


tively) is 20 pg. The responses observed with 
varying levels of epinephrine are quantitative- 
ly similar for the two glands and are approxi- 
mately parallel between doses of 20 and 100 
pe of epinephrine, This is interpreted as an 
increased rate of function of both glands. 
Various explanations of these findings are dis- 
cussed. 

1, Sayers, G., Sayers, M. A., White, A., and Long, 
C. N. H., Proc. Soc. Expr. Bron, ann Mup., 1943, 
v52, 200. 

Zz. Long, C. N. H., and Fry, E, 
Exp. Bion, AND Men., 1945, v59, 67, 

3, Sayers, G., Sayers, M. A., Liang, T. Y., and 
Long, C. N. H., Endocrinology, 1946, v38, 1. 

4. Soffer, L. J., Gabrilove, J. L., and Jailer, J, W., 
Proc. Soc. Expr, Bion, ann Mep., 1949, v71, 117, 

5. Botkin, A. L., and Jensen, H., Lndocrinology, 
in press, 

6, Schoenheimer, R., and Sperry, W. M., J. Biol 
Chem., 1934, v106, 745, 

7, Sayers, G., Physiol. Rev., 1950, v30, 241. 

8. Gershberg, H., Fry, E. G., Brobeck, J, R., and 
Long, C. N. H., Yale J. Biol. and Med., 1950, v23, 
32. 

9, McDermott, W. V., Fry, E. G., Brobeck, J. R., 
and Long, C. N, H., Yale J. Biol, and Med., 1950, 
v23, 52, 


G., Proc. Soc, 


Received February 8, 1952, P.S.E.B.M., 1952, v79, 


(19386 ) 


B. Rost anv J. Lecer. (Introduced by J. S. L. Browne.) 


From the McGill University Clinic, 


Rose and Weil(1) showed that anaphylaxis 
in the rabbit was accompanied by a sudden 


* These studies were supported by a grant from 
the John and Mary R. Markle Foundation. Part 
of the expenses were defrayed by a grant from the 
. CIBA Co., Montreal. 


Royal Victoria Hospital, Montreal. 


and marked decrease of blood histamine, and 
this was subsequently confirmed(6). Addi- 
tional studies(2) showed that the decrease in 
histamine was confined not only to the blood, 
but occurred in tissues such as lung, liver and 
spleen as well. Because of the striking dis- 
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appearance of naturally occurring histamine 
from these sites, it was decided to investigate 
the ability of this mechanism to deal with in- 
jected histamine. It was first noted that 
histamine injected either intravenously or by 
the intraperitoneal route produced an increase 
in the plasma histamine content which grad- 
ually disappeared over a period of minutes. 
Tf, however, the histamine was injected into 
previously sensitized rabbits, a marked and 
sudden disappearance of not only the pre- 
existing but also of the injected histamine 
occurred following the injection of a shock 
dose of antigen(2). These findings made it 
clear that some powerful mechanism for the 
inactivation or “detoxification” of histamine 
was stimulated by the induction of anaphy- 
laxis in this species. The present investiga- 
tion was carried out in order to elucidate the 
nature of the mechanism involved. 


Methods. Nineteen rabbits weighing be- 
tween 2.5 and 3 kg each were sensitized to 
egg albumen. The egg albumen (Merck) 
was made up to a 3% solution in normal 
saline, and filtered before using. Each animal 
received 2 cc intraperitoneally every second 
day until five doses had been given. Two to 
three weeks after the last sensitizing dose, 
anaphylaxis was induced by the intravenous 
injection of 2 cc of antigen. The blood sam- 
ples were taken by cardiac puncture both 
before and about 3-4 minutes after the injec- 
tion of the shock dose when signs of anaphy- 
laxis such as prostration, defecation and 
micturition were present. Each sample con- 
sisted of 20 cc, two of which were used im- 
mediately for histamine determination of the 
whole blood, and the remainder, after clotting, 
for histaminase analysis of the serum. The 
blood histamine was determined by the Code 
(3) modification of Barsoum and Gaddum’s 
method(4), and is expressed as the base as 
y/cc. The method of Ahlmark(5) was used 
for the histaminase determinations. Serum 
histaminase is expressed as y histamine de- 
stroyed per cc plasma per hour. All determi- 
nations were done in duplicate. 

Results. The results are given in Table I. 
The blood histamine values are in the left 
hand columns, and show the total blood hista- 
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TABLE I. Rabbit Blood Histamine and Serum 
Histaminase Before and After Induction of 
Anaphylactic Shock in 19 Rabbits. 


Blood histamine, Serum histaminase, 


/ Ce y/cc/hr 
\ foam raw fe ; We. 
During During % 
Control shock Control shock increase 

—- ulZ 5539) .88 60 
— 22 27 fay 178 
-- POL — 98 —_ 
—_ 100 cov, 1225 238 
2) ce) ol 142 200 
— — 26 .84 222 
ITS: 2 .26 1.06 308 
3.6 1020 “3 AT 20 
1.87 Ly ol 83 68 
15 P33) 43 78 81 
3.2 .25 oo 1.62 203 
3.4 5Y5) a1) .66 24 
3.8 4 49 87 78 
3.6 4 67 81 21 
3 = 209 .80 35 
2.88 5 49 1.34 174 
4 55 .29 83 186 
3.6 4 49 78 59 
4.6 4.4 .20 18 0 
Avg 41 87 126 


mine before and after the induction of shock. 
It will be seen that in all animals, with the 
exception of rabbit 19, a sharp decrease oc- 
curred. These results are confirmatory of 
those previously reported(1,2). In the right 
hand columns, the serum histaminase values 
are presented for the corresponding animals 
before and after the induction of anaphylaxis. 
Here it will be noted that a moderate to 
marked increase in activity of the serum 
histaminase was produced. Again, the one 
exception is in rabbit 19. The average con- 
trol serum histaminase was 0.41 y/cc/hr 
whereas following the induction of anaphylaxis 
the activity was 0.87 y/cc/hr, which is an in- 
crease of 126%. 


Signs of anaphylaxis were produced in the 
majority of animals, with death occurring in 
12. There appeared to be no correlation be- 
tween the intensity of the shock and the de- 
gree of change either in the blood histamine or 
serum histaminase values after induction of 
shock. The one exception was animal 19, in 
which there were no signs of shock, and little 
alteration of the blood histamine or serum 
histaminase values. It is also apparent that 
the reduction in blood histamine was more 


‘tissue itself were not made. 
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consistent in degree than the corresponding 
increase in serum histaminase. 


Discussion. These results support the view 


_ that the detoxification or inactivation of hista- 


mine which occurs following the induction of 
anaphylaxis in the rabbit may be due in part 
to an increase in the activity of the enzyme 
histaminase. It is likely that the source of this 
increased histaminase activity is from one of 
the parenchymal organs such as lung. or 
kidney. Dragstedt and his co-workers(6) 
showed that when antigen was added to rabbit 
blood which was being perfused through iso- 
lated sensitized lung, there occurred a decrease 
in the blood histamine content. The histamine 
was probably being destroyed in the lung tissue 
although histaminase determinations of the 
More recently, 
Carlsten ez al.(7) have observed a high hista- 
minase activity of lymph in dogs, the main 
source of which Carlsten(8) found to be 
kidney and gut. It is probable that another 
major factor contributing to the disappearance 
of bleod histamine during rabbit anaphylaxis 
is the equally rapid disappearance of the white 
cell elements which takes place at the same 
time(2), since the bulk of blood histamine is 
contained in these cells in an inactive form 
(9). As discussed elsewhere(10), the pro- 
duction of anaphylaxis in the rabbit must be 
due to a release of histamine from cells into 
the plasma and not simply to the disappear- 
ance of histamine which occurs, for no symp- 
toms occur when glycogen is injected intra- 
venously into the rabbit although a rapid dis- 
appearance of blood histamine occurs(11). 
This is supported by the finding that addition 
of glycogen to rabbit blood in vitro does not 
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alter the distribution of histamine, whereas 
the addition of antigen to sensitized rabbit 
blood in vitro causes a shift of histamine from 
the cells into the plasma(11). 

Summary. 1. Studies on the blood histamine 
and the serum histaminase were made in a 
series of 19 rabbits before and after the induc- 
tion of anaphylactic shock. 2. In all but one, 
a reduction of the blood histamine was pro- 
duced following anaphylaxis. This confirms 
previous observations. 3. An increase in the 
serum histaminase activity was noted in all 
animals except the one in which there was 
no reduction of the blood histamine. 4. These 
findings support the view that the rapid dis- 
appearance of blood histamine which occurs 
during anaphylaxis in this species may be due 
in part to an activation of histaminase. 


We wish to thank Mrs. E. V. Harkness for tech- 
nical assistance. 
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Effect on Urinary Nitrogen Excretion of Rate of Administration of 
Solution of Amino Acids in Man. (19387) 


CHAries §, DAvipson AND RicuHaArp D, Ecxrarpt.* 


From the Thorndike Memorial Laboratory, Second and Fourth Medical Services, Boston City 
Hospital, and Department of Medicine, Harvard Medical School. 


A protein hydrolysate has been prepared for 
intravenous use in man which is virtually free 
of the dicarboxylic amino acids, aspartic and 
glutamic acids(1). ‘The significant reduction 
in anorexia, nausea, and vomiting from this 
solution compared to preparations containing 
these amino acids has been accompanied by 
an increase in possible rate of infusion with- 
out reaction, thus broadening the clinical use- 
fulness and patient comfort in parenteral 
feeding(2). With this solution, rapid rates 
of infusion are possible, in fact up to 10 mg 
of nitrogen/kg/minute intravenously, repre- 
senting an infusion time of just over 10 min- 
utes for 500 cc of a 10% solution. Such rapid 
rates of infusion raise the possibility of in- 
creased urinary excretion of the infused amino 
acids or increased conversion to urea. Pre- 
viously rapid rates of infusion induced greater 
urinary excretion of amino acids; nevertheless 
even at very rapid rates only about 10% of 
the 50 g infused was excreted(3). The urinary 
excretion of amino acids correlated more 
closely with size of infusion than with rate of 
administration. ‘There was no selective ex- 
cretion of any one of the 10 essential amino 
acids determined microbiologically. 

The data presented in this communication 
were collected to determine whether rapid 
rates of infusion of the amino acid solution 
resulted in increased deamination of amino 
acids and hence increased excretion of non- 
protein nitrogen in the urine, 

Materials and methods. The amino acid 
mixturet was made by the complete acid 
hydrolysis of casein, contained no peptides, 
was essentially devoid of the dicarboxylic 
amino acids (glutamic and aspartic), and was 
supplemented with dl-tryptophane and glycine 
so that it contained approximately 10% amino 


* Present address: State University of Ia, Uni- 
versity Hospitals, Iowa City. 
+ Furnished by Merck & Co., Rahway, N. J. 


acids including the 8 essential for man. Seven 
subjects were selected. Two were normal 
medical students, 3 had liver disease (alcoholic 
cirrhosis), mild in 2 and severe in one, one 
patient had severe undernutrition from prd- 
longed obstruction due to carcinoma of the 
larynx, and one was a chronic alcoholic essen- 
tially normal metabolically at time of study. 
The 24-hour urine was collected in glacial 
acetic acid and toluol and the total nitrogen 
content determined by micro-Kjeldahl diges- 
tion and Keyes’ distillation. All urines were 
examined for protein and analyzed for alpha 
amino nitrogen by the gasometric ninhydrin 
method as described by Van Slyke, MacFad- 
yen, and Hamilton(4). The patients were 
maintained on the ward with nurses and 
dietitians in attendance trained in metabolic 
methods. The food consumed daily was cal- 
culated from standard tables, 

Results. Fig. 1 and 2 show the intake of 
protein by mouth and of amino acids intra- 
venously, the total nitrogen excreted in the 
urine, and the rate of administration of the 
10% solution of amino acids in terms of mg 
of nitrogen per kg per minute. Although nitro- 
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solution. Proteinuria did not occur. The 


gen balance was performed on these patients, 
it is indicated in the chart only by the 4+- 
(positive) or — (negative) sign. In four pa- 
tients nitrogen balance was positive through- 
out, while in 3 negative balance obtained since 
for concurrent studies the total nitrogen intake 
was maintained below the minimum require- 
ment, 

The nitrogen excretion varied greatly from 
individual to individual depending upon nitro- 
gen intake, nutritional status, and other fac- 
tors. There was also day to day variation in 
nitrogen excretion in individual patients. 
There was a wide variation in the rate of ad- 
ministration of the solution from below 1 
mg/kg body weight/minute to almost 9. In 
spite of this wide variation, there was no cor- 
relation between rate of administration and 
quantity of nitrogen excreted in the urine dur- 
ing each 24-hour period, either from patient 
to patient or in the individual patients. This 
is well illustrated by patient J.W. (Fig. 2) in 
whom there was little variation in nitrogen 
excretion although the rate of administration 
varied from 1 to almost 6 mg nitrogen/kg/ 
minute. 

The urinary excretion of alpha amino nitro- 
gen was determined daily and formed only a 
small portion of the total urinary nitrogen. 
This fraction did not exceed 10% of the total 
nitrogen excreted, and, as previously observed 
(3), did not increase strikingly with marked 
increases in the rate of administration of the 


variations in the excretion values for urinary 
total nitrogen shown in Fig. 1 and 2, there- 
fore, reflect primarily changes in the urinary 


excretion of non-protein, non-amino acid 
nitrogen. 
Discussion. The advantages of the 10% 


solution of amino acids used in this investiga- 
tion are chiefly those of the low incidence of 
anorexia following infusion and the possibility 
of rapid rates of administration without nausea 
and vomiting. Although it was previously 
shown that even rapid rates of infusion did not 
increase the excretion of amino acids suf- 
ficiently to limit the nutritional value of the 
material for intravenous protein feeding(2), 
the possibility that increased deamination 
might occur, thus limiting its biological value, 
had to be considered. This was especially true 
since Silber and Porter(5), using the same or 
a similar preparation in dogs, observed that a 
4-fold increase in the rate of infusion caused a 
decrease of approximately 60% in nitrogen 
retention, not, however, due to an increased 
Joss of amino acids but rather to non-amino 
acid, non-protein nitrogen. The rates of in- 
fusion used by Silber and Porter usually were 
greater per kg in their dogs than in the indi- 
viduals reported, here. However, even in the 
few instances in which a similar rate was used 
in our patients, for example in patient J.M., 
no increase in nitrogen excretion occurred so 
that there was no change in nitrogen retention 
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or biological value. In fact, there appeared 
to be no influence of rate of infusion on nitro- 
gen retention whether the amino acid mixture 
was given as a sole source of nitrogen or as a 
supplement to small or large protein intakes 
by mouth. 

Summary. 1. Seven subjects (including 
normal individuals and patients) were given 
daily intravenous infusions of a 10% solution 
of amino acids at widely varying rates of in- 
fusion. 2. There was no correlation between 
the daily non-protein nitrogen excretion and 
the rate of infusion. Very rapid rates of in- 
fusion did not increase the nitrogen excretion 
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and thus did not reduce the biological value 
of the amino acid solution. 
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Protective Effect of Pitressin and of Epinephrine Against Total 


Body X-Irradiation. 


(19388) 


JouNn L. Gray, Exizasetu J. Moutpen, Jonn T. Trew, ANp H. JENSEN. 


From the Army Medical Research Laboratory, Fort Knox, Ky. 


Pendergrass and his associates(1) have 
demonstrated a protective effect of pitressin 
and epinephrine against local x-irradiation 
injury of the leg of the rat. It was assumed 
by the authors that local tissue anoxia, pro- 
duced by these principles, was involved in 
the protective mechanism. It became of 
interest, therefore, to investigate the possible 
effect of these agents on the aerobic and an- 
aerobic metabolic cycles, as well as to study 
the effect of these agents on the survival rate 
after total body x-irradiation. 


Methods. “Labile phosphate” (ATP*) con- 
tent and cytochrome oxidase activity of muscle 
of rats as influenced by pitressin and epine- 
phrine administration or by limb occlusion. 
Phosphate content and cytochrome oxidase 
activity determinations were done on gastroc- 
nemius muscle samples from normal male 
Sprague-Dawley rats weighing 220-300 g. The 
rats were starved for 24 hours with water 
ad libitum, and were sacrificed 15 or 30 
minutes following intraperitoneal injection 
of pitressin (Parke, Davis) or epinephrine 
(Abbott). Control animals received equiva- 


* Adenosinetriphosphate. 


lent volumes of 0.9% saline or no treatment 
prior to sacrifice. Treated and untreated 
controls showed no significant difference and 
were grouped in the calculations. Phosphate 
determinations on lyophilized tissue were 
carried out according to the method described 
by Umbreit(2). Cytochrome oxidase ac- 
tivity was determined according to the method 
of Schneider and Potter(3). In the occluded 
limb experiments the rats were anesthetized 
with sodium pentobarbital (45 mg/kg) and 
a tourniquet consisting of 5 turns of a rubber 
band (Eberhard Faber No. 30) was applied 
to the right hind leg as high as possible. The 
teeth were clipped to prevent tourniquet re- 
moval or self-laceration. Control animals 
were anesthetized and the teeth were clipped. 
All animals were sacrificed without tourniquet 
release at ¥% hour or 4% hours after tourni- 
quet application. Gastrocnemius muscle sam- 
ples were taken from the occluded limb as 
well as from the opposite hind limb of the 
tourniquet animal and from a hind limb of 
the control animal. The effect of pitressin or 
epinephrine administration against total body 
x-irradiation: | Male Sprague-Dawley rats 
weighing 220-300 g were irradiated in pairs, 
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TABLE I. Effect of Pitressin and Epinephrine on Muscle Phosphorus. 
Phosphorus, avg + 8.D. 
Sacrificed, Inorganic, Labile, 
Treatment min No. of rats mg % dry wt mg % dry wt 

Control 40 42.2+ 8.2 211.2 + 24.9 
Pitressin 5 units IP 15 12 BO et 8.0" P=. 248.7 + 29.2 p<.05 

30 12 51.7 + 9.3 p<..05 229.4 + 27.9 p<.2 
Epinephrine .2 mg IP 15 12 32.7+8.1p<.05 165.9 + 27.5 p<.05 

30 12 34.59 —6 p<.05 , 188.3447 p=.2 


p<.1 considered statistically significant. 


TABLE II. Effect of Tourniquet Occlusion on Muscle Phosphorus. 


Average values + 8.D. 


Inorganic P 


No. of Inorganic P, pails PB; 
Exp. conditions rats mg % dry wt mg % P dry wt Labile P 
Tourniquet on 4% hr—sacrificed without release 

Oontrol—no tourniquet 6 39.2 + 4.3 187.5 + 18.2 21+ .03 
‘iA leg-tourniquet animal 10 == yh 187.9 + 18.5 27 + .04 
Occluded leg- oie 10 7.5 +11.9 259.1 + 24.7 pl =e" 0 

Tourniquet on 4% Vi eros without release 
Counrolesis tourniquet 5 349+ 1.3 183.4 + 21.1 19 + .03 
He leg-tourniquet animal 10 44 + 9 188.9 + 24.7 24 + .05 
Oceluded leg- Be Hy 10 115.9 + 20.1 361.3 + 37.8 32 + 07 


one serving as a control, the other as a treated 
animal. Each pair was exposed to total body 
x-irradiation for 22 minutes in a single ex- 
posure. Radiation factors were: 200 kv, 
6 ma, ¥% mm Cu 1 mm Al filter, target dis- 
tance approximately 29 cm, God 40 r/min. 
dosage rate measured in air.t Five units 
(0.25 ml) of pitressin or 0.2 mg (0.2 ml) of 
epinephrine were injected intraperitoneally 
either 5, 20, or 40 minutes before or 5 minutes 
after exposure. Animals were housed in indi- 
vidual cages and weighed daily until death 
or termination after 28 days. 

Results. As can be seen from Table I, 
following pitressin injection the inorganic and 
“labile phosphate” (ATP) values for muscle 
tissue were. elevated at 15 minutes. At 30 
minutes the “labile phosphate” was slightly 
elevated but the difference from the control 
was no longer significant. On the other hand, 
epinephrine administration produced at 15 
minutes a lowering of the inorganic and 
“labile phosphate” (ATP) content of muscle 
tissue. Again the “labile phosphate” differ- 
ence at 30 minutes was no longer significant. 
Preliminary investigations have indicated that 


7 The authors wish to express their appreciation to 
the Radiobiology Branch of this Laboratory for 


advice and assistance in the irradiation procedure.’ 


TABLE III, Effect of Tourniquet Occlusion on 
Muscle Cytochrome Oxidase. Average values+S.D. 
Sacrificed without release of tourniquet. 


No. of 
determin- 
ations Q05 
Tourniquet on 14 hr 
Control—no tourniquet 8 300 + 58 
ii leg-tourniquet animal 8 359 + 87 
Occluded leg- fs 8 289 + 66 
Tourniquet on 444 hr 
Control—no tourniquet 6 276 + 49 
a leg- tourniquet animal 6 301474 
Oceluded leg- ; 6 173 + 61 


cytochrome oxidase activity of muscle tissue 
was slightly but definitely decreased follow- 
ing pitressin administration and increased fol- 
lowing epinephrine injection. 

To demonstrate the possible effect of anoxia 
on muscle phosphate content and cytochrome 
oxidase activity, these constituents were de- 
termined in rat muscle tissue of tourniquet- 
occluded limbs. In local x-irradiation studies, 
Pendergrass and his associates(1) found that 
the greatest increase of radiation threshold 
was obtained with tourniquet-occlusion of the 
exposed limb. 

Table II illustrates that occlusion of the 
limb for % hour and for 4% hours produced 
a pronounced increase in the inorganic and 
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TABLE IV. Effect of Pitressin and Epinephrine on Survival of Rats Exposed to X-Radiation. 


Time of treat- 


Survival —————————__,, 


. ment relative to Total No. of Ist wk 2nd wk 3rd wk 4th wk 

Treatment x-radiation, min roentgens rats No. % No. 9% No. % No. % 
Boo umits: LP 5 before 880 42 39 93 36 86 36 86 36 86 
cs 25 58 6 14 in 12 5 12 
P, 5 units IP ey. 1000 14 78 9 50 8 44 7 39 
C 18 2 11 0 0 0 0 0 0- 
P, 5 units IP 2, 1120 19 10 53 6 32 5 26 5 26 
Cc 14 0 0 0 0 0 0 0) 0 
P; 5 units IP 20 880 31 29 94 22 Fl 20 65 19 61 
Cc a 11 35 4 LS § 10 o 10 
P,5 units IP 40 880 26 23 8s 15 58 12 46 2 46 
C 27 15 56 fi 26 6 283 6 23 
P, 5 units IP d.after 880 24 83 12 41 at 38 11 38 
Cc ou 18 58 8 26 7 23 tf 23 
H,* .2mg IP 5 before 880 34 29. 85 BOM OO 20. 59 20h woe: 
C 34 19 56 8 24 8 24 8 24 


* P = Pitressin, HE = Epinephrine, C= Control. 


“labile phosphate’ (ATP) content of the 
muscle tissue of the tourniquet-occluded limb. 
Cytochrome oxidase activity was found to 
decrease gradually, depending on the length 
of time the limb was occluded (Table III). 
After % hour occlusion, no significant change 
was observed. However, with 4% hours 
occlusion, the occluded limb showed a sig- 
nificant decrease in cytochrome oxidase ac- 
tivity. 

As an extension of these findings, a study 
was made of the possible protective effect of 
pitressin and epinephrine against total body 
x-irradiation. The effect of pitressin or epi- 
nephrine on mortality after total body x-ir- 
radiation is illustrated in Table IV. As would 
be expected with an 880 r dose in total body 
exposure, the majority of deaths occurred be- 
tween 6 and 14 days, Pitressin, given 5 
minutes before irradiation, afforded consider- 
able protection with a survival rate of 86% 
as compared with 12% survival for the un- 
treated irradiated group. Similarly, pitressin 
injected 20 minutes before exposure decreased 
the mortality significantly. With injection 
40 minutes prior to irradiation the protection 
was diminished but still definite. The bene- 
ficial effect of pitressin pretreatment was 
further indicated by the observation that the 
surviving pitressin-treated irradiated animals 
lost less weight and recovered weight very 
rapidly compared with irradiated control ani- 
mals. Epinephrine, administered 5 minutes 


before irradiation, also seemed to give pro- 
tection, but apparently not to the same degree 
as pitressin. Pitressin, given 5 minutes after 
irradiation, would appear to give only very 
slight, if any, protection. Threshold studies, 
employing greater x-ray dosages, indicate that 
with pitressin injection 5 minutes before 
irradiation the threshold could be raised from 
about 800 r to about 1100 r. 

Discussion. The protective effect of pitres- 
sin and epinephrine against local (leg) and 
total body x-irradiation injury may be due to 
the tissue anoxia produced by these principles, 
leading to a reduction in the oxygen content of 
the tissue fluid. 

The phosphorus and cytochrome oxidase ac- 
tivity results are interpreted as indicating that 
administration of either pitressin or epineph- 
rine produces a temporary local tissue anoxia. 
The mechanism producing the anoxia differs 
for the two substances. 

Geiling and DeLawder(4) found that after 
the injection of pitressin the muscles pass for 
a short time into a state suggesting that their 
activity was being carried out under anaerobic 
conditions. The blood coming from the 
muscles was arterial in color; it had a low 
CO, and a high Oz content. The pitressin- 
induced tissue anoxia with the consequent 
disruption of the aerobic cycle leads to an in- 
crease in the rate of glycolytic processes fol- 
lowed by increased formation of ATP. The 
results obtained with tourniquet-occluded 
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limbs are similar to those obtained after ad- 
ministration of pitressin, and substantiate 
the explanation given for the effect of pitres- 
sin. 


It is known that an immediate but short- 
lived increase in the oxygen consumption fol- 
lows the administration of epinephrine. The 
mechanism of this action is not known. Epine- 
phrine, by causing increased cell activity 
(oxygen consumption), brings about an in- 
creased utilization of ATP leading to a lower- 
ing of the “labile phosphate” content. The 
increase in the oxygen consumption following 
epinephrine administration and the vaso- 
constrictive action of epinephrine, decreasing 
the tissue supply of oxygen, may lead to a 
temporary tissue anoxia. 

It is generally assumed that many of the 
biological effects of x-irradiation can be at- 
tributed to the action of the decomposition 
products of water which result from the ir- 
radiation. It is also becoming increasingly 
evident that the degree of x-radiation effects 
is, to an important extent, dependent on the 
oxygen content in the cellular fluids. Dowdy, 
Bennett and Chastain(5) exposed rats in very 
low oxygen tension (5%) and found that 
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the acute effects of radiation are only half 
as severe. Remarkable decreases in many 
x-ray induced cellular phenomena by reduc- 
tion of oxygen concentration during irradia- 
tion have been reported(6,7). 


Summary. 1. The survival rate of rats, 
exposed to lethal x-ray dosage, was found 
to be significantly increased after pretreat- 
ment with pitressin or epinephrine. 2. The 
protective effect of these principles may be 
due to their property of producing a temporary 
tissue anoxia. 
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Comparative Antigenic Potency of Killed Irradiated Tubercle Bacilli and 


Living BCG Vaccine. 


(19389) 


KONRAD BIRKHAUG AND RAFAEL DARRICARRERE.* 


From the Division of Laboratories and Research, New York State Department of Health, 
Albany, N. Y. 


Criticism is raised against artificial im- 
munization of man with living BCG vaccine 
on the assumption that the organisms may 
survive for years and gradually regain viru- 
lence(1). The U.S. Public Health Service (2) 
and the American Trudeau Society (3) recom- 
mend further research to develop a tubercu- 
losis vaccine containing only dead organisms. 
It is well known from the experimental and 
clinical studies (4) that such vaccines hitherto 


* Fellow of U. S. Public Health Service and Chief 
of the Tuberculosis Department of the Bacteriologi- 
cal Institute at Santiago, Chile. 


have yielded less effective protection against a 
challenge virulent infection than living BCG 
vaccine. The question has arisen whether or 
not the prolonged heating required to kill 
tubercle bacilli vitiates against their antigenic 
potency. In order to eliminate this factor, 
vaccine has recently been prepared by killing 
virulent human tubercle bacilli by brief ultra- 
violet irradiation(5-7). Such vaccines are re- 
ported to be equal or superior to living BCG 
vaccine on the basis of guinea pig and mouse 
protection tests. The advantages of a killed 
tuberculosis vaccine are twofold since it would 
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be absolutely safe and remain relatively stable 
upward to one year while the optimal useful- 
ness of living BCG vaccine is approximately 
10 days and one fears that it may regain 
virulence. For the purpose of evaluating the 
comparative antigenic potencies of killed ir- 
radiated and living BCG vaccines we under- 
took the following study. 


Methods. ‘Two lots of killed irradiated 
tuberculosis vaccine were kindly supplied us 
by R. W. Sarber(6) and Dr. A. Milzer(7). 
These were prepared 15 and 3 months pre- 
viously with human type tubercle bacilli, 
strains H37Rv and 199RB and contained 1 
mg of organisms per ml, A 1:10,000 dilution 
of merthiolate was added to each lot as pre- 
servative. The vaccines had been cleared for 
sterility and safety in guinea pigs and mice. 
Following the procedure detailed by Sarber 
(6), the H37Rv irradiated vaccine was ad- 
ministered intraperitoneally in three 5 ml (5 
mg of organisms) doses at weekly intervals to 
24 normal and tuberculin-negative guinea pigs 
weighing 421 + 27.61 ¢.! Similar inocula- 
tions with freshly prepared(8) living BCG 
vaccine (Lots B-110, A-111 and B-111 cur- 
rently distributed for use in man in New 
York) were made in another lot of 24 normal 
and tuberculin-negative guinea pigs weighing 
431 + 35.99 g, One mg of these respective 
lots of BCG vaccine was found to contain 46, 
56, and 54 million living elements (colonies) 
in Lowenstein cultures, T'wo similar groups 
of guinea pigs weighing respectively 436 = 
25.75 and 426 a= 25.68 g were given identical 
inoculations with 199RB irradiated vaccine 
and living BCG vaccine (Lots A-115, B-115, 
and A-116), the latter containing 58, 65, and 
51 million living elements (colonies) per mg 
of organisms. ‘The first series of 48 animals 
was allowed an immunization period of 3 
months, and the second series of 1 month 
after the last intraperitoneal inoculation, At 
this time, both series of immunized animals, 
together with 18 normal and tuberculin-nega- 
tive control guinea pigs weighing 620 =- 15.17 
g, were given 0.005 mg of a 3-week-old 
Lowenstein culture of H37Rv (of established 
virulence) by the intramuscular route in the 


1 + means, stand, dev. of weights of animals. 
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right hind leg. This dose gave rise to 2,862 
eugonic colonies on a series of Lowenstein cul- 
tures after 12 weeks’ incubation, At the time 
of the challenge virulent inoculation, no sig- 
nificant difference in the body weight obtained 
between the first series of immunized animals 
and the controls while a difference of approxi- 
mately 100 g existed between the second series 
of immunized animals and the controls, 

Results, All the animals inoculated intra- 
peritoneally with either lot of irradiated vac- 
cine experienced extreme irritability and dis- 
tress immediately following the inoculations, 
a phenomenon not observed in the animals 
similarly inoculated with BCG vaccine. We 
attributed this occurrence to the presence of 
merthiolate in the irradiated vaccine while 
BCG vaccine contained no preservative. ‘The 
post-immunization mortality rate was greater 
in the animals given the irradiated vaccine 
than in the BCG vaccine group, Within 4 
weeks after the last immunizing dose, 7 and 6 
animals (27.1%) died respectively in the first 
and second series of irradiated vaccine groups 
and 2 in each of the BCG vaccine groups 
(8.3%). 

Post-immunization tuberculin reactions 48 
hours after the intradermal inoculation with 
0.0001 mg PPD showed greater induration 
volumes in the animals inoculated with BCG 
vaccine than with irradiated vaccine in tests 
performed at bi-weekly intervals after im- 
munization (Table I presents data on tests 
done 1 month after immunization). After the 
challenge virulent inoculation, we observed in 
both series of animals a more retarded incre- 
ment in tuberculin hypersensitiveness in the 
animals immunized with BCG vaccine than 
with either lot of irradiated vaccine, Table I 
gives data on tests done 3 months after the 
challenge inoculation. We also ascertained 
by palpation a much slower development of 
lymphonodular hypertrophy in the vicinity of 
the virulent inoculation in the animals im- 
munized with BCG than with either lot of ir- 
radiated vaccine. 


Approximately 3 months after the chal- 
lenge virulent inoculation, the body weight of 
the BCG immunized animals was 780 a 90,22 
g and 716 = 78.10 g respectively in the first 
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TABLE T. Post-Immunization and Post-Challenge Mindings in Guinea Pigs Tnoewlated with Killed Ty 
radiated Tubercle Baeilli and Living BCG Vaeeine, 
——— rst series: — v Seeond series \ 
Material Trrad. the. 1 BOG Trrad, tbe, 2 BOG Controls 
No. animals at start 24 24 24 24 18 
Post-immunization deaths 7 2 6 g 
Post-challenge deaths 5 8 ( { & 
Induration (mm*) with 
.0001 mg PPP after 
48 hr 
1 mo after immunization 426 + 109 760 + 408% 429 —— 191 572 108" 
3’ »*? challenge 20538 + 1598 1910 -- 819% t 2184 +» 1148" 1085 + 208") 8850 1512 
No. animals autopsied 17 22 18 22 18 
Wt at autopsy, g 698 + 117 789 + 90% 624 4 oe ee O17 se Od 
Oompletely protected 0 13 () 12 0) 
Localized tuberculosis 9 4 10 4 o 
Generalized 7? 8 5 8 ( 16 
Rt. sup. inguinal glands, g 89 82% 54" 24" 1.4] 
*? deep 7? Ames .B0* 16* 19 104 50 
lige 74 ef a 1.46 A2*4 Li Bat 2.00 
Pooled 17 sets iif clied a 9,45 8.10* + 8.29% g.14"4 13.47 
Spleen ae 2.50 1.00*4 1,78* 1,20" 8,22 
Liver 43 87.82 84,80* 86.83 82,50" A130 
Lungs ay 7.86% 5.94" + 6.87 6.18" 9.58 
* Difference between control and these figures beanie ae 
t a M4 BOG and irrad, the. figures f Senennt ihe 
x—x’ jaar?) (Barre) 
S(d’) i= 4 =a at the P = 01 level. 
+ is stand. dev. by | ——. “4 
n-1 


and second series of BCG immunized animals, 
698 + 117.13 g and 624 + 94.87 g in the 
irradiated vaccine groups while the controls 
weighed 617 + 63.90 g. Death from general- 
ized and advanced tuberculosis occurred in 
8 (44%) control animals between 65 and 
102 days after the virulent inoculation, in 3 
and 4 animals in the 2 series of BCG im- 
munized animals (15.9%) and in 5 and 6 
animals in the series of irradiated vaccine ani- 
mals (31.4%). In order to assess the tissue 
resistance against the challenge inoculation in 
the variously immunized animals before pro- 
gression of the infection obliterated it, it was 
decided to kill the surviving animals after 
approximately half of the non-immunized con- 
trol animals had died spontaneously with gen- 
eralized tuberculosis. This was done between 
102 and 105 days after the challenge virulent 
inoculation. 

_ The same autopsy procedure was adhered 
to as on previous occasions(9) and the com- 
pleted data were tested for significant differ- 


_ ences by Fisher’s method(10) for comparison 


of 2 means. Autopsies revealed that all the 
animals having received 3 intraperitoneal in- 
oculations with H37Rv and 199RB irradiated 
vaccines presented an advanced form of dry 
tuberculous peritonitis with little or no fluid in 
the peritoneal cavity, but a dense plastic exu- 
date gluing the intestines together by firm 
adhesions which separated with difficulty, 
These findings were in striking contrast to the 
nearly complete absence of fibrous adhesions 
in the peritoneal cavity of the BCG im- 
munized animals in which the omentum was 
regularly thickened and contracted into a 
sausage-like band containing numerous cas- 
eous nodules from which typical BCG virulent 
organisms were cultured on Lowenstein’s 
medium, The gross pathological picture of 
the non-immunized control animals showed 
localized tuberculous lesions in only 2 animals 
(11%) while the remaining 16 animals pre- 
sented various degrees of advanced and ful- 
minating tuberculosis, We were greatly sur- 
prised to find 13 and 12 animals in the 2 series 
of BCG immunized groups (56.8%) com- 
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pletely protected against the spread of the 
challenge inoculation, and 4 in each group 
(18.2%) presenting only localized tuberculous 
lesions and the remaining 5 and 6 animals 
(25%) showing advanced and _ generalized 
tuberculous lesions. Table I shows that 
neither group of animals immunized with ir- 
radiated vaccine showed an animal completely 
protected against the challenge inoculation, 
that 9 and 10 animals ($4.3%) presented 
localized tuberculous lesions and the remain- 
ing 8 animals in each group (45.7%) show- 
ing advanced and generalized tuberculosis. 

The quantitative data on enlarged regional 
lymph glands, the pooled total 17 sets of 
routinely dissected lymph nodes, and on the 
spleen, liver and lungs from animals im- 
munized with 2 types of irradiated vaccine 
and BCG vaccine, together with those from 
the control animals, are given in Table I. 
These data bear out the gross pathological 
findings mentioned above, namely that ir- 
radiated killed tuberculosis vaccine is surely 
capable of producing specific resistance against 
a challenge virulent tuberculous infection. 
But in comparison with either series of BCG 
immunized animals, the protective value of 
living BCG vaccine is significantly greater 
than that of killed irradiated tuberculosis vac- 
cine. In view of the incomplete immunity 
produced in animals and in man with the rela- 
tively avirulent BCG living organisms, our 
study suggests that it would be premature to 
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substitute for BCG 
killed tubercle bacilli, 

Summary, Living BCG vaccine has shown 
superior antigenic potency to killed irradiated 
tuberculosis vaccines by producing  signifi- 
cantly greater tuberculin hypersensitiveness 
and specific resistance against a challenge 
virulent inoculation in guinea pigs. 


a vaccine consisting of 
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Recently(1) a formula was devised in this 
laboratory that correlated the pKs of certain 
basic dyes with their tendency to be secreted 
by the stomach. While successful in leading 
to the discovery of new compounds that were 


* Supported by a Grant from the Anna Fuller 
Fund. 


secreted in substantial amounts, certain dis- 
crepancies were evident(2). In the new 
series only compounds with a pKs over 10 
were secreted while in the original series the 
optimum was 6.5 to 9. These discrepancies 
might be caused by the fact that highly puri- 
fied dyes were used in the original(1) pKs 
determinations while Ingraham and Visscher 


ee es 8 a AT 


(3) in their determination of the stomach: 
blood ratios used commercial products. Al- 
though there is no certainty that the present 
commercial dyes are identical with those used 
by the authors mentioned, it seemed of interest 
to repeat the pKs determinations on the 
commercial products, The weakness of the 
pKe determination of polybasic compounds is 
that it isa stepwise process. It was thought 
that the distribution between an acid buffer 
and benzene might be a better measure of 
total effective basicity and would correspond 
more closely with the stomach:blood ratios. 
Methods. A. Basic ionization constants 
were determined by potentiometric titration 
employing the Beckman G, pH meter with 
glass electrode 1190T and calomel electrode 
1170. Beckman electrode 1190E was used 
when the pH rose above 10. The electrodes 
were checked in standard buffers before and 
after each determination. The room tempera- 
ture was maintained at 25 + 1°. -From 
0.1200 to 0.2500 g of dye was dissolved in 
300 ml of water and titrated with 0.048N 
sodium hydroxide. Values were taken from 
the curves in the usual manner. B. Equal 
volumes (5 ml) of buffer, NaHSO,/Na»SO,, 
pH 2, or KH2PO,/NazHPO,, pH 6.73, and 
benzene were shaken together with the dye 
until equilibrium was achieved. The two 
phases were separated and the concentration 
measured in a Beckman Model DU specto- 
photometer and compared with a standard. 


‘Dyes that were insoluble in the buffer were 
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TABLE IJ. Comparison. of pKy of Pure and Commercial Dyes, 
Stomach" a pkey Absorption 

Compound O.1. No. Blood Pure Com’) maxinia (ny) 
Nile blue sulfate 913 8 11.6 10.9 640) 
Acridine red 740 8.4 10.9 59 555 
Rhodamine B 749 6.1 10.8 10.3 556 
Brilliant cresyl blue 877 11,3 10.8 9.4 25 
Methylene green 924 13.6 10.8 9.9 G20 
Neutral violet 826 27.2 10,8 7.4 HBS 
Methylene blue 922 15.6 10.2 660 
Bismark brown 331 26.5 i) 9.2 440) 
Chrysoidin Y 20 75 8.7 9 455 
Safranin O 841 27.8 7.6 §20 
Neutral red 825 26,4 7.5 7.3 530 
Thionin 920 36.8 (ee Via HL) 
Toluidine blue 925 36.4 6.5 6.4 625 
Pyronine B 741 Dar 6.3 Ven 0) 

* Ref. 3, 


first dissolved in water and then diluted with 
buffer solution. By using samples of 1 to 
10 pg per ml Beer’s Law was valid. Because 
of the dilute solutions used, Dalton’s Law 
applies and inorganic impurities that may be 
present do not effect the results. The absorp- 
tion maxima are listed in the last column of 
Table I. 

Results, A. Basic ionization constants, 
Most of the pK» determinations on the impure 
dyes agree rather well with those reported for 
the purified substances, In Table I the com- 
pounds are arranged in the order of decreasing 
pK» (increasing basicity) of the pure com- 
pounds, ‘The titration curves of the com- 
mercial dyes did not rise as sharply nor were 
the plateaus as well defined. In fact 2 com- 
pounds gave such obscure curves that no 
definite values could be assigned. Acridine 
Red seems to be one compound that shows 
widely differing values: 10.9 for the pure and 
5.9 for the impure. Its transposition to the 
bottom of the Table would serve to place it 
just as satisfactorily on the descending end 
of the curve. Neutral Violet on the new basis 
would also fall into a more favorable position 
next to Safranin O which has a similar 
stomach:blood ratio. Pyronine B, however, 
with a stomach:blood ratio of 5.7 would now 
be located between Thionin and Toluidine 
Blue, both of which have stomach:blood ratios 
of about 36. Thus the position of most com- 
pounds is unaffected; 2 compounds are better 
placed; while one is misplaced by the data 
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TABLE II. Distribution Ratios (Commercial Dyes). 


Stomacht 


Buffer 

Compound C.E. No: pH buffer Benzene Blood 
Nile blue sulfate 913 2 Zi 8 
Chrysoidin Y 20 2 4.3 75 
Bismark brown 331 2 5.7 26.5 
Neutral violet 826 2 t 27.2 
Neutral red 825 2 pA 26.4 
Toluidine blue 925 2 a 36.4 
Nile blue sulfate 913 Gian § 8 
Bismark brown 331 6.73 ae 26.5 
Chrysoidin Y 20 6.73 ee 75 
Neutral violet 826 6.73 .68 27.2 
Pyronine B 741 6.73 1.96 5.7 
Methylene green 924 6.73 2.5 13.6 
Brilliant cresyl blue 877 6.73 2.7 11.3 
Toluidine blue 925 G73 2.9 36.4 
Safranin O 841 6.73 5.6 27.3 
Thionin 920 6.73 a Be 36.8 
Methylene blue 922 6.73 by 15.6 


* Neutral Red, Acridine Red and Rhodamine B became colorless when shaken with benzene 


buffer at pH 6.73. t Ref. 3. 


on commercial dyes. The stomach:blood ratio 
for Chrysoidin Y is decidedly out of line with 
all other values and must be presumed to be 
in error. The new dyes of the fluorene series 
(2) were found not to be secreted by the 
stomach of the rat at a pKs as low as 8.5. 
It is obvious that the results on the commercial 
dyes do not throw any light on this. In fact, 
by changing the value of Neutral Violet from 
10.8 to 7.4 it definitely takes the one good 
analogous value out of consideration. 

B. Distribution ratios. In Table II the 
compounds are arranged in the order of de- 
creasing concentration in the benzene layer 
(order of increasing basicity). Two different 
buffers were used, pH 2 and 6.73. Three of 
the compounds, Acridine Red, Rhodamine B 
and Neutral Red became colorless or yellow 
when shaken with the benzene-buffer at pH 
6.73. On evaporation of the benzene the red 
color returned. Probably the free bases are 
colorless and the compounds are thus un- 
satisfactory for this type of investigation. 
Nile Blue becomes red because of oxazone 
formation. It too, is unsuitable. In column 
5 of Table II, the stomach:blood ratios are 
those given by Ingraham and Visscher(3). 
Column 4 gives the values for the buffer: ben- 
zene. In considering the first series measured 
at pH 2 the distribution ratios parallel pKs 
values for the commercial dyes. The pKes 


$ 100% in buffer. 


§ 100% in benzene. 


determination for pure Neutral Violet is again 
less satisfactory than that of the commercial 
dye. The stomach:blood ratios also fall 
fairly well on a plateau for compounds with 
a buffer: benzene ratio of 5.7 to infinity. The 
stomach:blood ratio for Chrysoidin seems to 
be entirely out of line with all other values 
and can only be accepted with reservation. 
Experiments in this laboratory, however, show 
that its secretion is at least as great as that 
of Neutral Violet. 

Since half of the dyes went 100% into the 
buffer at pH 2, it was decided to increase the 
pH in order to secure a better evaluation. 
The results are shown for pH 6.73 in the 
lower section of Table II. 

Here the 3 compounds that gave finite 
values for the distribution ratio at pH 2 were 
completely in the benzene layer but only one, 
Methylene Blue, was entirely in the buffer. 
A careful inspection of the data at pH 6.73 
reveals no relation between the distribution 
ratios and either the stomach:blood ratios or 
the pKs values of pure or commercial dyes. A 
pH of 6.73 is thus definitely unsuitable for 
this type of investigation. A value intermedi- 
ate, say pH 4, would result, however, in other 
compounds besides Methylene Blue being 
entirely in the buffer layer. 

Summary. In a study of the relation of 
physical chemical properties of dyes to the 


extent of their secretion by the stomach, new 
determinations of the pK» values and absorp- 
tion maxima were made. A somewhat better 
correlation of pK» and stomach:blood ratios 
was obtained by using commercial instead of 
pure samples of dyes. The distribution of the 
dyes between benzene and aqueous buffers of 
pH 2 and pH 6.73 was measured but no satis- 
factory correlation found. The method is 


Numerous investigations carried out during 
the past several years have clearly demon- 
strated that the liver is the organ most con- 
cerned with the inactivation of estrogens, 
testosterone and desoxycorticosterone(1-3). 
However, when 11-dehydro-17-hydroxycor- 
ticosterone (cortisone) became available for 
study, it became apparent that degradation 
of such 1l-oxygenated steroids might differ 
from that of estradiol, testosterone and desox- 
ycorticosterone. The latter steroids are prac- 
tically ineffective when given orally, whereas 
cortisone) is approximately 80% as effective 
orally as parenterally. The following data 
however, strongly suggest that the 11-oxygen- 
ated steroids are rapidly inactivated by the 
body. A very small percentage of adminis- 
tered cortisone can be recovered from the 
urine of the patients. The finding of relatively 
high concentrations of 11-oxygenated steroids 
in the adrenal vein blood, and of very little 
in peripheral blood(4,5) is also suggestive of 
inactivation. deAndino, Fontan, and Pashkis 
(6) showed that intrasplenic injection of cor- 
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limited by the tendency of compounds to dis- 
solve 100% in either the buffer or the benzene. 
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tisone ‘was ineffective in decreasing thymic 
weight unless huge doses were administered, 
thus implicating the liver in the inactivation 
of this steroid. 

The purpose of this study was to determine 
which organs of the body might inactivate 
cortisone in vitro. In. addition, experiments 
were devised to ascertain whether the inactiva- 
tion mechanism could be modified. 

Methods and materials. Rat tissue slices 
taken from normal male rats immediately 
after decapitation were used for studies of 
cortisone inactivation. Liver, kidney, spleen, 
muscle, and brain were sliced by hand; 300 to 
350 mg of tissue were incubated in 5 ml of 
Krebs-Ringer solution (pH 7.4) with 100 to 
250 pg of cortisone for 3 hours at 37°C. 
After incubation, the tissue slices were homog- 
enized in a Ten Broeck homogenizer, kept at 
4°C overnight and the whole homogenate 
bioassayed on the following morning as de- 
scribed below. Two types of control were 
used: 1) tissue slices which had been boiled 
previously for 10 minutes; 2) non-incubated 
controls to which the cortisone was added im- 
mediately before bioassay. This was performed 
to exclude the possibility of adsorption of the 
steroid to the tissue protein. Cortisone, in the 
form of the free alcohol, was prepared in 95% 
ethanol in the concentration of 1 mg/ml and 
0.1-0.25 ml of this standard solution were 
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added to the Krebs solution, The amount of 
cortisone remaining after incubation was de- 
termined by bioassay according to the method 
of Venning, Kazmin, and Bell(7) with certain 
modifications, Male mice (Rockland Farm 
strain) weighing 20 to 25 ¢ and adrenalecto- 
mized 3 days previously, were used. They 
were fasted for 12 hours, and on the morning 
of the assay each mouse received 0.25 ml of 
the homogenate to be assayed plus 0.25 ml of 
5% glucose in physiological saline at 2-hour 
intervals for 4 injections, Approximately 
equal numbers of control and experimental 
animals were used. One hour after the last 
injection, the animals were weighed and killed 
by severing the vertebrae. The livers were 
removed within 30 seconds and glycogen de- 
termined by the method of Nelson(8). Dose 
response curves for mouse liver glycogen were 
established at levels of 10, 25, 50, 75 ag of 
cortisone, With each experiment, cortisone 
was incubated with boiled tissue slices and the 
amount of cortisone recovered in this manner 
was used as the index for calculating the loss 
of activity of the cortisone incubated with the 
living slices, Occasionally, the recovery ap- 
peared to be greater than 100%; this indi- 
cated only that in the particular experiments 
the glycogen deposition was greater than the 
mean value obtained on the standard curve. 
Liver glycogen analyses, after the administra- 
tion of cortisone and cortisone with boiled 
tissue slices were performed on 586 mice with 
an accuracy of 20%. 


Results. I. Tissue slices. The results are 
presented in Tables I and I. Slices of liver, 
Kidney, and spleen inactivate cortisone to ap- 
proximately the same extent, under the con- 
ditions of this experiment, The average per- 
centage of degradation by liver slices was 
70%; Kidney, 61%; spleen, 70%. Similar 
results were obtained using Upjohn’s Aqueous 
Adrenocortical Extract (Table I). On the 
ether hand, incubation with muscle, brain, 
and blood serum caused negligible inactivation 
of the cortisone (Table ID). 


Il, Tissue homogenates. DeMeio, Rakoff, 
Cantarow, and Pashkis(9) and Coppedge, 
Segaloff, Sarett, and <Altschul(10) demon- 
strated that while liver slices were capable of 
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TABLE I. 
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TABLE I. Inactivation of Cortisone by Musele, 
Brain and Blood Serum, 
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inactivating estradiol, homogenized liver lost 


most of this ability. 


They concluded that 


cellular integrity must be intact for the ef- 
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TABLE Il. Innetivation of Gortivone by Homogenized Liver Slices, 
No, of assy Dose of corte Recovery * Inactivation 
animals (eons sone incubated Homogenized Hlomog 
trol + exp.) (per ml), wpe Jontrols LinMue, pp resh tissue enized,% Fresh, % 
7 42 82 86 0 
9 42 43 ao 23 
I4 50 70 40 24 Ais 66 
13 i) 41 24 12 1] 7) 
1 HO 20) 10) 42 BO) 
ficient working of the enzyme system, The after the usual 3 hours of incubation, They 


addition of certain cofactors (nicotinamide or 
diphosphopyridine nucleotide) to liver homog- 
enates restored the inactivation system to 
normal, Similarly, incubation of homogen- 
ized liver instead of liver slices resulted in a 
definite decrease from 70% to 25% in the 
percentage of inactivation of cortisone, under 
these conditions (Table I11). 

III, Influence of other steroids. Pregneno- 
lone, testosterone propionate, desoxycorticos- 
terone, progesterone, and cortisone were ad- 
ministered to normal rats for a period of 10 
days, and liver slices from these animals incu- 
bated with cortisone as above, This was done 
in an attempt to ascertain whether the enzyme 
system responsible for the inactivation of cor- 
tisone could be saturated by other steroids. 
None of these steroids exerted an inhibitory 
effect on the inactivation of cortisone. Under 
these conditions, the average percentage of 
inactivation was 71% as compared to 70% 
for the controls, 

IV. Influence of stress. Liver slices from 
adrenalectomized rats, maintained for a week 
on 1% NaCl as drinking water, were also 
tested. No significant difference between the 
inactivation capacity of liver tissue from such 
animals as.compared to normal ones was ap- 
parent. Normal rats were exposed to cold 
(4°C) for 24 hours and their livers tested. 
This procedure also produced no change in the 
percentage of inactivation. 

V. Effect of incubation with glucuronidase. 
Recent investigations have demonstrated that 
the great bulk of urinary cortico-steroids are 
conjugated as glucuronides(11,12). Thus in 
order to break any possible glucuronide Jink- 
age which might be responsible for cortisone 
inactivation, 3,000 units of animal glucuroni- 
dase were added to each 5 ml homogenate 


were then incubated again for 24 hours at 
37°C, This procedure did not increase the 
recovery of cortisone, ‘The percentage of in- 
activation after glucuronidase incubation was 
69% while the values for the controls aver- 
aged 71%, 


Discussion, Cortisone can be inactivated 
by kidney and spleen as well as liver slices. 
This is in direct contrast with the estrogens, 
androgens and desoxycorticosterone which ap- 
pear to be degraded primarily by the liver. 
Although nothing is known of the enzyme sys- 
tem involved, it is clearly heat-labile, and cer- 
tain cofactors are necessary for its efficient 
operation, This is evidenced by the fact that 
destruction of the integrity of the cells by 
homogenization markedly reduces the degree 
of inactivation of cortisone, Similar results 
have been obtained with other steroids(9,10), 


Sayers(13) has postulated that under con- 
ditions of stress, there is greater peripheral 
utilization of adrenal steroids. It was thought 
to be of interest to determine whether under 
conditions of stress, tissues inactivated corti- 
sone to a greater extent, Liver slices of rats 
exposed to cold exhibited the same degree of 
cortisone inactivation as normal or even ad- 
renalectomized animals, The pre-administra- 
tion of pregnenolone, testosterone, proges- 
terone, desoxycorticosterone, and cortisone in 
an attempt to saturate the inactivation sys- 
tem was also ineffective. 


Summary. 1, Slices of liver, spleen, and 
kidney incubated in Krebs solution for three 
hours with added cortisone caused approxi- 
mately a 70% loss of cortisone activity. Blood 
serum and brain or muscle slices were inactive. 
Tissue homogenates were much less effective 
than slices. Incubation of the tissue-cortisone 
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mixture with the enzyme, glucuronidase did 
not alter the experimental findings. 2. There 
was no detectable difference in the capacity 
of tissues of stressed or adrenalectomized 
animals, as compared to tissues from normal 
rats, to inactivate cortisone. The inactivation 
mechanism could not be altered by the pre- 
administration of progesterone, pregnenolone, 


testosterone, desoxycorticosterone or cortisone. 
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In research to develop practical technics 
for egg transplantation in dairy cattle, the first 
problem is that of superovulation. This prob- 
lem has already been investigated by various 
workers(2-10). When the research reported 
here was initiated, some workers(2,3,10) had 
injected cows or heifers with gonadotrophins 
during the luteal phase of the cycle without 
expressing the corpus luteum, and the evi- 
dence indicated, although not conclusively, 
that cows superovulated and bred under 
these conditions produced infertile eggs. 
Rowson(8) later reported that eggs, shed by 
cows which had been bred and which had a 
functioning corpus luteum, were infertile. 
Various sources of gonadotrophins have been 
employed by different workers, including un- 


* A brief report of part of this work was given at 
40th Annual Meeting of American Society of Animal 
Production, Nov. 26, 1948(1). The authors are 
indebted to Dr. J. L. Davidson, The Upjohn Co., 
for generous supplies of Gonadogen and to Dr. R. S. 
Justice, Lakeside Laboratories, for liberal quantities 
of Choriogonin,. 


fractionated sheep pituitary gonadotrophin 
(USG) and human chorionic gonadotrophin 
(HCG) for intravenous injections to rupture 
the follicles. No one has compared these two 
gonadotrophins quantitatively. 

This paper reports the results of two series 
of investigations with heifers and cows to 
study primarily a) the effect of the stage of 
the cycle upon ovarian response to gonado- 
trophins and b) the quantitative difference in 
response to USG and HCG. 

Experimental, Study of stage of cycle, 
dosages of FSH and two sources of LH. The 
first series consisted of a factorial experiment. 
It was designed to study follicular develop- 
ment and number and fertility of ova as 
affected by: a) initiation of treatment on the 
fourth day of the cycle (luteal) versus six- 
teenth day (follicular), b) 3 levels of follicle 
stimulating hormone (FSH), namely 20, 30 
and 40 g-equivalents (g.e.) of desiccated sheep 
pituitaries, and c) one g.e. of USG versus 
2500 I.U. of HCG (Choriogonin) for the in- 
travenous injection. In this experiment 12 
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yearling Holstein heifers were divided into 
two equal groups, one the “luteal” and the 
other the “follicular” group. Two of the 
animals in each group received 20, two 30 and 
two 40 g.e. of FSH. One of each of these 
pairs received USG and the other HCG for 
the intravenous injection. The heifers were 
allotted in a random manner. The treatment 
consisted of: a) FSH administered in equal 
portions subcutaneously back of the shoulders 
daily for 5 days, b) intravenous injection on 
the 6th day, and c) insemination on the 6th 
and 7th days. The FSH was from one batch 
prepared by slight modification of the method 
of McShan and Meyer(11). A total of 1% 
g.e. given subcutaneously twice daily for 10 
days to 30-day-old Sprague-Dawley hypophy- 
sectomized rats produced ovaries containing 
only follicles and averaging 130 mg; 3 gee. 
produced similar ovaries averaging 192 mg. 
In another test with the method of McShan 
and Meyer, 1 g.e. (6.4 mg of lyophilized 
extract) produced ovaries averaging 54 mg in 
21-day-old, intact rats. The batch of un- 
fractionated sheep gonadotrophin was pre- 
pared by the method of McShan and Meyer 
(12). One g.e. of the lyophilized extract 
weighed 80.1 mg. One-tenth g.e. (8 mg) pro- 
duced ovaries averaging 85 mg when assayed 
as was the FSH with intact rats. The heifers 
were inseminated with semen from bulls of 
high fertility. Immediately after slaughter 
the reproductive organs were removed, and 
the horns and oviducts were flushed with 
physiological saline solution. Recovered eggs 
were examined in hanging drop slides at a 
magnification of 440X. The number of ova 
produced, as indicated by number of ovulation 
points or corpora lutea, was the main criterion 
for measuring ovarian response. The ovaries 
were weighed, unruptured follicles counted, 
and their diameters measured with calipers. 
In an attempt to recover eggs from the live 
animal, the uteri of a few heifers were irri- 
gated an hour or two prior to slaughter on the 
fifth day following the intravenous injection. 
No eggs were recovered, and since it appeared 
that the number of ova recovered was reduced, 
this practice was discontinued. Furthermore, 
after killing 2 “luteal” heifers on the 5th day, 
it was found that eggs could not be recovered 


397 


from the uterine washings due to pyometra. 
The slaughtering of all heifers was subse- 
quently done on the 3rd day at which time 
most of the eggs are in the oviducts. 

The responses to the various treatments 
were extremely variable as has been reported 
by other workers. A summary of results is 
presented in Table I. Almost twice as many 
corpora were produced during the follicular 
as during the luteal phase. Folley and Mal- 
press(5), on the other hand, observed no 
difference in ovarian response between the 
follicular and the luteal phase with the corpus 
luteum intact, while Rowson(8) had consider- 
ably more ovulations during the luteal phase. 
These discrepancies may possibly be explained 
by differences in treatments or criteria. None 
of the 34 eggs recovered in this experiment 
from luteal heifers showed evidence of having 
been fertilized, whereas 74% of the 43 from 
follicular heifers were fertilized. The eggs 
from the follicular group had blastomeres of 
normal uniformity in size, and spermatozoa 
were present in the zona pellucida. The evi- 
dence of infertility during the luteal phase is 
in agreement with findings of other workers 
(2,3,8,10). In light of all data now avail- 
able, there is no doubt that bovine females, 
ovulated by gonadotrophins in the presence 
of the corpus luteum, produce infertile eggs 
as shown by lack of fertilization on breeding. 
Studies by Murphree et a/.(13) indicate that 
interference with spermatozoan transport 
through the cervix accounts for much of the 
infertility in luteal phase rabbits. With the 
bovine, on the other hand, it appears as though 
other factors may be responsible. Most of 
the luteal heifers in the experiment described 
in this paper were inseminated in the uterus. 
Furthermore, Beschlebnov(14) and VanDe- 
mark and Moeller(15) have found that sperm 
reached the ovaries when cows were insemin- 
ated while not in heat. 

All the heifers in the luteal group had pyo- 
metra. Since this observation was originally 
reported(1), a comparable condition has been 
reported in swine(16) and rabbits(13). It 
is improbable that substances in the semen 
diluter (egg yolk-citrate) used for breeding 
the heifers were responsible, for one heifer was 
inseminated in the cervix with undiluted se- 
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TABLE I. Summarization of Comparisons Between Various Treatments in Factorial 
Experiment. Figures are heifer averages. 


S5 z 
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Folheular 6 a3 28.2 21.8 5 23.4 8.6 74 
20 g.e. FSH 4 34 19 11.8 2 14.5 $s 6 
SUC 4 50 29.8 22.2 + 22.2 142 62 
£0.72) 9? 4 48 23.5 17.8 4 17.8 4 19 
USG 6 42 30.5 23 6 23 97 6 
HCG 6 47 7.7 11.5 4 12.8 4.8 26 


men because of inability to penetrate the cer- 
vix with the insemination tube. All other 
heifers were inseminated in the uterus with 
semen in yolk-citrate diluent. Whether changes 
during the cycle in regard to uterine sensitivity 
to foreign substances or to defenses against 
bacteria introduced at insemination or whether 
other factors produced this pyometra merit 
investigation. An answer to this problem 
might shed light on the cause of spontaneously 
occurring pyometra in cows(17). 

The lowest dose of FSH gave the lowest 
response; there was not much difference be- 
tween the two higher dosages. USG injected 
intravenously produced twice as many corpora 
as HCG. The data from this experiment were 


tested by analysis of variance. Due to the 


small number of heifers and the great vari- 
ability, there were no significant differences 
between any of the treatment means. Neither 
were there any significant interactions between 
any two of the treatments. 

Further study of two sources of LH. The 
data from the above experiment were con- 
sidered adequate in regard to stage of cycle 
and dosage levels of FSH. It was concluded, 
however, that more information was needed as 
to the relative number of corpora produced 
with USG and HCG. Consequently, a second 
Series of animals was used to obtain more data 
for this comparison. Heifers or cows were 
superovulated by giving a single subcutaneous 
injection of gonadotrophin from pregnant 
mare serum (PMS) on the 15th or 16th day 
of the cycle and an intravenous injection of 
USG or HCG five days later. Dosages given 


were 2,000, 3,000 or 5,000 I.U. of PMS, 
2,500 or 5,000 I.U. of HCG and 1 ge. of 
USG. Animals were paired as to size, breed 
and parity. The 2 animals in each pair re- 
ceived the same dose of the same batch of 
PMS on the same day of the cycle, but one 
received USG and the other HCG for the 
intravenous injection. There were 6 pairs of 
Holsteins and one of Guernseys. The 5 pairs 
oi heifers were slaughtered, and the ovaries 
studied in the laboratory. Animals in 2 of the 
pairs were mature cows, and the number of 
corpora lutea in their ovaries was counted 
in vive by making an incision through the 
dorsal wall of the vagina and the peritoneum 
of the recto-vaginal pouch, drawing the ovaries 
into the vagina, and examining them with a 
speculum. 

The data for individual heifers are pre- 
sented in Table IJ. The data from this series 
were combined with those from series I, for 
the animals in both series had been paired 
similarly. 

A summary of the data from the 2 series 
and of the combined data is given in Table ITT. 
Results from the 2 series were similar in that 
a greater number of corpora was obtained with 
USG than with HCG. When the combined 
data were analyzed by analysis of variance, 
it was found that the over-all means were 
almost highly significantly different (proba- 
bility slightly greater than 0.01). There was 
no significant interaction between the sub- 
cutaneous and intravenous treatments. The 
evidence that a larger number of corpora can 
be obtained with USG than with HCG is, 
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therefore, quite conclusive. Umbaugh(9) also 
presented data indicating that such differences 
might occur, although other variables were 
involved in the comparison. It would appear, 
on the basis of the limited data for individual 
heifers (Table II), that the dosage of HCG 
was not a factor causing this difference in our 
experiments, for the relationship of the re- 
sponse with HCG to that with USG treatment 
was apparently the same whether 2,500 or 
5,000 I.U. of HCG was given. Probably 
USG produces more corpora when given intra- 
venously than HCG because it contains con- 
siderably more FSH. In this connection, it is 
of interest that, in both experiments, USG 
also produced more unruptured follicles than 
did HCG. This difference in number of fol- 
licles was not significant, however. 

A comparison of the data from series I 
with series II gives some indication of the 
relative merits of sheep FSH and PMS. In- 
jections with PMS-USG have frequently re- 
sulted in large ovaries with follicles greater 
than 25 mm in diameter, which might be 
classed as cystic. One heifer in series II, No. 
28, had such follicles. In cases where the 
animals were not slaughtered, these large 
follicles were later resorbed. Dowling(4), 
and Folley and Malpress(5) have observed 
such abnormal responses when injecting PMS 
and the latter have also observed resorption. 
There is a possibility that PMS-USG over- 
stimulates the ovaries of some animals causing 
a rapid thickening of the follicle wall and thus 
preventing ovulation(18). The presence of 
some LH in PMS may aggravate this con- 
dition. 

The animals injected with PMS and HCG 
had fewer corpora than those receiving PMS 
and USG but did not have extremely large 
ovaries or follicles. Of 15 eggs recovered from 
this group, 80% had apparently cleaved nor- 
mally. One animal in this group received the 
highest dose of PMS (5,000 I.U.) and also 
2,500 I.U. HCG. She produced 14 corpora. 
Eight eggs were recovered and 5 had cleaved. 
This combination of PMS and HCG merits 
additional investigation in reference to its pos- 
sibilities of producing superovulation. 

The 5 pairs of animals in series II which 
were slaughtered and whose eggs were studied 


400 


GONADOTROPHINS FOR SUPEROVULATION OF Cows 


TABLE III. Number of Unruptured Follicles and Corpora Lutea in Ovaries of Heifers and 


Cows in Series I and Il Receiving USG or HCG in the Intravenous Injection. 


Figures are avg. 


No. animal 


No. unruptured fol- 


No, animal No. Corpora 


pairs’ fol- lieles >4 mm diam, pairs’ cor- lutea 
Series Subeut. inj. licles studied USG HCG pora studied USG HCG 
“I Sheep FSH: 26 30.3 LPG Osea 23 115 
It PMS 5 10:2 5.4 7 18.3 5.1 
Totalsandavg 11 21.5 134 13 20.5 8.1 


were killed on the 5th to 8th day following 
the intravenous injection. All had been in- 
seminated at the time of the intravenous in- 
jection and the day following. Of the 31 eggs 
recovered from the PMS-USG treated ani- 
mals, 77% had apparently cleaved normally. 
The one animal in this series (No. 28) which 
had extremely large ovaries had a total of 33 
corpora. She was killed on the 7th day fol- 
lowing the intravenous injection. Three of 4 
eggs recovered had not cleaved. The fourth 
apparently had, but the blastomeres showed 
evidence of degeneration. Dowling(4) has 
found that, when animals were injected during 
the follicular stage of the cycle with PMS and 
when abnormal ovaries were produced, a small 
percentage of the ova were fertilized but ab- 
normal in appearance, 

The question has frequently been raised as 
to whether fertilized superovulated bovine 
eggs are capable of normal development. The 
American Foundation for the Study of Gen- 
etics has data indicating that at least some of 
them are. As of this writing, one living calf 
and 2 pregnancies (114 days and 150 days) 
confirmed by palpation have been produced 
from 5 transplantations. These transplanta- 
tions have been performed with methods sim- 
ilar to those described in the report of the 
birth of the calf(19), including superovulation 
of the donor with sheep FSH and USG during 
the follicular stage of the cycle. 

Summary. 1. Two series of studies involv- 
ing a total of 26 heifers and cows are reported. 
2. Five heifers superovulated during the luteal 
phase of the estrual cycle produced 34 eggs 
none of which were fertilized. Five heifers 
treated during the follicular phase produced 
43 eggs of which 74% had cleaved. All 6 
heifers treated during the luteal phase, but 
none of the 6 follicular heifers, had pyometra. 
3. Thirty and 40 g.e. of sheep FSH gave re- 
sponses about equal but considerably greater 


than a 20 g.e. dose. 4. USG produced ap- 
proximately twice as many corpora as HCG 
in the intravenous injection when they were 
used in combination with either sheep pitui- 
tary FSH or PMS. 5. A combination of PMS 
and HCG may produce satisfactory super- 
ovulation and should be studied further. 
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The number and age of the experimental 
animals (Fig. 1) and the dosages of x-radia- 
tion are indicated in Table I. 

Methods. During irradiation of the lower 
jaw, the upper jaw and skull were protected 
by a small lead plate (about 1 mm thick) 
which was inserted into the mouth of the 
anesthetized animal. The bodies of the ex- 
perimental animals were protected by a lead 
plate 4 mm thick. Irradiations were made 
from the ventral aspect. During irradiation 
of the upper jaw, the lower jaw was similarly 
protected, and irradiations were made from 
the dorsal aspect. The conditions of irradia- 
tion were as follows: 55 kv., 3 ma. max., no 
filter. Some of the animals of the first group 
and all animals of the second group were 
fixed at the end of experiments. But the 
other animals of the first group and all of the 
third group were fixed at various times follow- 
ing irradiation. In the first group, the animals 
were fixed at 10, 24, 34, 43, 52, 71, and 92 
days after treatment. In the third group, 
animals were fixed at 7, 13, 23, 33, and 54 
days after treatment. The heads of animals 
were fixed in a saturated solution of bichloride 
of mercury with 5% acetic acid; embedded in 
paraffin; sectioned at 10 » and stained with 
Boéhmer’s hematoxylin and eosin. 

Results, In the first group, a slight retarda- 
tion of growth of the treated jaw was observed 
71 days after irradiation. In group III, a 
suppression of growth of treated jaws was ob- 
served 33 days after treatment. The differ- 


* This work was supported by grants from the 
National Cancer Institute, Public Health Service, 
and the Anna Fuller Fund. 
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ence in sensitivity to x-ray irradiation of 
animals of various ages was more evident long 
after irradiation. For example, a comparison 
of Group I animals 312 days after treatment 
with 3000 r and Group IT animals 176 days 
after irradiation with 2000 r showed that in 
the latter younger group, in spite of the 
smaller dosage, the jaws showed a much 
greater suppression of growth than did the 
Group I animals. Moreover, the suppression 
of growth in the latter group became evident 
much sooner. In some cases, the suppression 
of growth of the treated jaw was so great that 
the animal was unable to eat and had to be 
fed by hand (Fig. 3 and 4). In a few ani- 
mals, the upper jaws were irradiated. In these 
experiments, similar results were obtained, but 
the suppression of growth here was not as 
great as in the irradiated lower jaws (Fig. 2). 

In accordance with our previous observa- 
tions, the appearance of treated tissues in jaws 
fixed long after irradiation was normal 
(Brunst(1-3), and Brunst, Barnett, and 
Figge(4)). Examination of jaws of animals 
fixed on the day of treatment shows that they 
had small teeth even at this time, but these 
teeth disappeared completely in the treated 
jaws while they developed normally in the 
control (shielded) jaws (Fig. 6 and 7). The 
irradiated jaws lack teeth, but are otherwise 
miniature copies of normal jaws having all of 
their component parts. 

In the animals of the third group, the tissues 
appeared normal 7 days after treatment. In 
spite of this, the growth of teeth in the treated 
jaw was arrested. Thirteen days after treat- 
ment, some parts of the irradiated epithelium 


TABLE I. Arrangement of Animals According to Age and Dosage Groups. 


Size in em 


(approx.) Dosage inr 


“No. of Age in days 
Group animals after hatching 
I 22 60 
It 5 20 
Il 9 22 


5 3000 
3 2000 
316 4000 


402 GrowTH INHIBITORY EFFECTS OF X-RAYS 


29 Jinhinliniinl iii iia 


=39 Sb tpt a ey. Eee 
| swam] eae ine 4 of eh We 
| — ‘ianlinittpeare vee fear bentrbeeurlt 


1 a My ke 1) E> =F 
: ‘ } ' Nenily | 
} 4 


18 
- 
| 


: saa. 
FIG. I. Animal on day of irradiation 20 days after hatching (second group). 


PIG. 2. 250 days after irradiation of upper jaw (lateral view) with 2000 x (irradiation 20 
days after hatching, second group). 
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PIG. 3. 176 days after irradiation of lower jaw with 2000 r (lateral view, second group, 


irradiation 20 days after hatching). 


FIG, 4. Same animal as in Fig. 3 (ventral view). 


FIG, 5 


. Left: Third group (irradiation 22 days after hi atoning) 34 days after irradiation of 


lower jaw ‘with 4000 r, Right: Untreated (control) animal from same spawning, 
FIG. 6. Left: Third group (irradiation 22 days after hatching) 58 days after irradiation 


of lower jaw with 4000 r. 


Right: Untreated (control) animal from same spawning. 


FIG. 7 and 8. First group (irradiation 2 months after hatching) 53 days after irradiation 


of lower jaw with 3000 r, 


FIG, 9. A sagittal section through treated jaw 120 days after irradiation with 2000 r 
(second group, irradiation 90 days after hatching) ( 60). 


FIG. 10. 
Fig. 9 (X 60). 


were not normal in appearance. The mitotic 
activity in the treated tissues had been com- 
pletely suppressed and, therefore, the forma- 
tion of new enamel organs did not occur. The 
tissue-reaction of the irradiated jaw was es- 
pecially clear 23 days after treatment. In the 
treated jaw at this time, there was observed 
a degenerating giant cell epithelium: a feature 
which is very typical of the primary acute 
reaction to irradiation (Brunst(1-3), and 
Brunst, Barnett, and Figge(4)). By this time, 
the enamel epithelium had disappeared and 
the resorption of teeth was in progress. There 
is some evidence that macrophages take an 
active part in the destruction of the teeth. 


Animals of Group III, fixed 34 days after 
irradiation, still had small remnants of the 
teeth in some places of the treated jaws 
(Fig. 5). It is important to note that at this 
time, when the resorption of teeth is almost 
complete, only a small retardation of growth 
of the irradiated jaw is observed. ‘The de- 
generating giant cell epithelium has disap- 
peared and is now replaced with epithelium 
of normal appearance. In spite of great 
mitotic activity, this epithelium is unable to 
produce new enamel organs, Fig. 6 shows 
treated and control animals 58 days after ir- 
radiation. The retardation of growth of 
treated jaws is clearly evident and is much 
more noticeable than in the first group (Fig. 
7 and 8). All remnants of teeth in the treated 
jaws have completely disappeared; accord- 
ingly, the histological picture of such a jaw 
(Fig. 9) contrasts greatly with the normal 
histological picture of jaws of the control 
animals (Fig. 10). The formation of new 


A sagittal section through both jaws of a control animal of same age as in 


teeth was never observed up to approximately 
one year after x-ray irradiation. 

Summary. Lower or upper jaws of young 
axolotls (age 20 to 60 days) were locally ir- 
radiated with 2000-4000 r. Suppression of 
growth of treated jaws was observed in all 
cases. The irradiated jaw is a miniature copy 
of the normal jaw. ‘Tissue reaction of ir- 
radiated jaw was evident 23 days after treat- 
ment with 4000 r (primary acute reaction). 
The treated jaw at this time showed a typical 
degenerating giant cell epithelium. The 
enamel epithelium disappeared and resorption 
of teeth was in progress. Thirty-four days 
after irradiation there remained small rem- 
nants of teeth in parts of treated jaws. At this 
time, when the resorption of teeth is almost 
completed, only a small retardation of growth 
of the irradiated jaw was observed. The de- 
generating giant cell epithelium has disap- 
peared and been replaced with normal-appear- 
ing epithelium, but this epithelium was un- 
able to produce new enamel organs. Fifty- 
eight days after treatment the retardation of 
growth of the treated jaws was clearly evident, 
and all remnants of teeth in them completely 
disappeared. In the control (shielded) jaws 
of the same animals, the development of 
teeth proceeds normally. The mechanisms of 
tooth formation and tooth maintenance are 
permanently destroyed by x- tay irradiation. 


RS Brana V. vi ‘Ouati, Rev. Biol., 1950, v25, 1, 

vy —, J. Morphol., 1950, v86, 115. 

ii , J. Exp. Zool., 1950, v114, 1. 

4. Brunst, V. V., Barnett, D. J., and Figge, Frank 
1 Oe pe ee Roente, and Rad. Ther., 1951, v66, 420. 
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A direct method for detecting the presence 
of virus within multicellular animals would 
offer many advantages over the several in- 
direct methods now in use. The incorpora- 
tion of radioactive elements within the virus 
offer one method of immediately detecting 
virus as it is disseminated in the organism and 
as it is absorbed onto and enters into cells. 
In addition radioactive “tracers” facilitate the 
study of the chemical changes which occur 
with infection. Although radioactive isotope 
methods have been used profitably with plant 
(1) and bacterial viruses(2), the study of 
animal viruses with “tracers” has presented 
difficulties. ‘This paper and a succeeding one 
report on the technical problems involved and 


the methods used in this laboratory to prepare 


animal viruses with incorporated radioactive 
phosphorus (P??). In addition other methods 
of using P*? to study virus infections in em- 
bryonated eggs are described. Taylor and 
Saenz demonstrated that the concentration of 
P*? inoculated into the allantoic sac of in- 
fluenza infected eggs was reduced to half that 
found in non-infected allantoic fluids(3). 
Ward reported an abnormal phosphorus 
metabolism as demonstrated with P®* in em- 
bryonated eggs infected with influenza virus 
and with an agent isolated from the common 
cold(4). Rafelson, Winzler, and Pearson, 
using P*? and C1* glucose, found changes in 
the metabolism of mouse brain infected with 
Theiler’s GD VII virus(5). Graham and 
McClelland reported the incorporation of P®? 
in influenza virus in chick embryos and per- 
formed chemical analyses on purified virus to 
demonstrate that the P®? was in both the 
phospholipid and nucleic acid fractions of the 
virus. Although their careful study is the first 


* Aided by a grant from the U. S. Public Health 
Service. 

+ Present address: E. R. Squibb & Sons, 745 Fifth 
Avenue, New York City. 


definitive one of its type, the low specific ac- 
tivity of P®* in their virus made analytical 
work difficult (6). 

Investigation of materials and methods. 
Adaptation and evaluation of existing technics 
for handling and determining radioactive 
phosphorus in biological material was essential 
to the study. Although some of this informa- 
tion is known to biologists working with radio- 
active isotopes, it is not readily accessible, 
and we have been advised to report in con- 
siderable detail our basic studies which may 
be of help in a variety of biological problems. 

Radioactivity determinations. Radioactive 
phosphorus was obtained from the Isotope 
Division, A.E.C., Oak Ridge, and one batch 
from the Canadian A.E.C., Chalk River. It 
was calibrated against a simulated P*? refer- 
ence source (Tracerlab No. 129) and found 
to agree with the values supplied with each 
shipment. Most of the determinations of 
radioactivity were performed by evaporating 
0.1 ml of the solution on a copper planchet 
and counting the activity with a mica end 
window Geiger Miiller tube and scaler? It 
was desirable in some cases, however, to count 
small amounts of radioactivity in large vol- 
umes of fluid such as allantoic fluid or tissues 
digested with fuming nitric acid. Experiments 
were performed to evaluate various methods 
of measuring radioactivity in these biological 
materials in order to increase the flexibility of 
radioactivity determinations in tracer experi- 
ments with small amounts of P®*. For this 
study 3 ways of using Geiger-Miiller tubes 
were compared (Fig. 1). All measurements 
were made with the same scaler (El-Tronics 
Decimal Scaler) and aliquots were prepared 
from the same solution of P®?. Wet counting 
of solutions was performed with a glass en- 


t We wish to acknowledge the technical assistance 
of Mr. Jacob Rhodes, physicist, for his aid in assur- 
ing the validity of the radioactivity determinations. 
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fluid sample for ‘‘wet’’ counting. 
g 


FIG. 1. Methods of measuring radioactivity with Geiger-Muller tubes. 
GM tube over a sample evaporated on a copper planchet. 


o 


a. Mica end-window 
b. Glass walled GM tube over a 


¢. Glass walled GM tube immersed in a fluid sample for 


‘dip’? counting, 
I $ 


velope G.-M. tube (Tracerlab TGC-5) with 
a window thickness of 30 mg/cm? held hori- 
zontally above the dish. It was found by ex- 
periment that 5 mm of solution constituted 
“infinite thickness” in the dish if the distance 
from the surface of the fluid to the tube was 
kept constant. In dip counting as well, with 
the glass G.-M. tube immersed directly into 
the radioactive solution a radial thickness of 
5 mm of fluid constituted “infinite thickness.” 
Radioactive contamination of the dip tube is 
no problem if the tube is rinsed immediately 
after the determination, with water contain- 
ing a few drops of phosphoric acid, then 
dipped in 10% nitric acid and rinsed again. 
A “background” count must be performed be- 
fore each determination to make certain that 
the tube is not contaminated from the previous 
determination. 

From the results of this comparison (Table 
I) it is apparent that “dip counting” will de- 
tect minimal amounts of radioactive phos- 
phorus in dilute solution which may be im- 
possible to measure readily with the other 
methods. 

Decontamination of glassware. In virus or 
tissue culture work many cleaning agents such 
as sulfuric acid-dichromate solution and cer- 
tain detergents are undesirable because of 
‘residual toxic films adhering to the glass- 
ware(7). Studies were conducted, therefore, 
with strong warm solutions of sodium meta- 
phosphate (Calgonite*) as a cleaning agent 
for virus laboratory glassware and needles. 


This detergent seemed suitable because it does 
not leave toxic films on glassware, does not 
damage needles, and because it contains a 
great excess of phosphate ions which would 
tend to remove adhering radioactive phosphate 
ions by “exchange” as well as by its detergent 
action. Several experiments indicate that this 
solution will remove P** satisfactorily, either 
in inorganic form or when contaminated with 
proteins, from glassware used for solutions 
containing as much as 10 millicuries per ml. 
Glassware requires approximately 48 hours 
and needles approximately 96 hours of immer- 
sion in this solution to be cleaned to ‘“‘back- 
ground.” 

Sterility of P®* solution. Review of the 
technic used at Oak Ridge for the extraction 
of radioactive phosphorus indicates that the 
solution as received contains little but water, 
phosphate ions and very dilute hydrochloric 
acid(8). Because of the possibility of con- 
tamination of the material with microorgan- 
isms, the solutions as received from the U. S. 
Atomic Energy Commission at Oak Ridge, 
Tenn., and one sample prepared in the reactor 
at Chalk River, Ontario, Canada, were re- 
peatedly cultured on blood agar plates, on 
glucose agar, and in thioglycollate media. 
No growth was noted in any medium after 3 
weeks incubation. Although the solutions 
were sterile, penicillin (500 units per ml) and 
streptomycin (100 wg per ml) were added to 
obviate bacterial contamination in subsequent 
procedures in the laboratory. 
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TABLE I. Relative Sensitivity of Various Methods of Detecting P* Activity in Solution. For 
the results below, a specific activity of 10-* u C/ml was used. 


Distance from 
sample surface 


Vol of so- to counter Counts/min Relative 
Method of counting Counter tube lution, ml window, mm (corrected) — sensitivity 
Copper planchet with Type TGC-1 ile 1 247 -046 
end window counter 2.4mg/em? evaporated 
(Fig. la) mica window 
5 em glass dish with 22 10t 4.3 1260 -236 
end window counter 
(not illustrated) 
5 em glass dish with Type TGC-5 10} 71.3 1171 220 
glass envelope coun- 30 mg/cm? 
ter horizontal above glass envelope 
dish (Fig. 1b) 
3 em diam. cylinder, 44 406 0 5340 1 


tube immersed in 
sol. (Fig. 1c) 


*The sensitivity of the planchet method of counting can be increased by evaporation of 
larger volumes of solution, but the presence of solids introduces ‘‘self absorption’’ errors. 


+ This corresponds to a depth of 5 mm in a 


— 


5 em diameter dish; greater depth does not 


increase the counting rate. It is not practical to get the liquid surface closer than about 4 mm 


to the tube window. 


An increase in diameter of the dish will not increase counting rate sub- 


stantially because 5 cm already exceeds the window diameter. 


¢ This corresponds to a depth of 5 


mm in a 


5 em diameter dish. Greater depth will not 


increase counting rate. Some improvement will result from putting tube closer to liquid surface, 


and from using a larger diameter dish. 


An increase by a factor of 2 might result. 


§ This volume corresponds to a radial thickness of liquid surrounding counting tube of 


5 mm in a cylindrical container 11 em long and 28 mm inside diameter. 


If a larger container 


is used, more solution will of course be required, but no increase in counting rate occurs after 


the liquid layer reaches 5 mm. 


Safety precautions with P®?, The important 
precautions to prevent injury to laboratory 
workers handling P®? are defined in many 
Atomic Energy Commission publications and 
other texts. These of course must be followed. 
In addition, methods of handling certain prob- 
lems in this project may be of interest to other 
virus workers. Eggs containing radioactivity 
were deposited in large, wide mouthed, screw 
capped bottles and sufficient concentrated 
formalin was added to prevent decomposition. 
They were dated and stored in a special 
“radioactivity decay closet” until they could 
be incinerated without danger. Candling of 
eggs containing 100 or more uc of P*? per egg 
was performed with lead rubber gloves with a 
glass shield between the operator and the 
candling box. Large volumes of dialysing 
fluid containing P** were treated inexpensively 
with alkali and with calcium chloride to pre- 
cipitate most of the P*? as calcium phosphate. 
The precipitate was allowed to sediment and 
the supernate decanted into the sink. The 


precipitate was poured into smaller con- 
tainers and stored until decayed. 
Toxicity of P®* for embryonated hens’ eggs. 
To incorporate as much radioactivity as pos- 
sible within the virus it was desirable to obtain 
a high concentration of P®? in embryonated 
eggs. Graham has reported that amounts in 
excess of 5640 microrutherfords (0.152 pc) 
per egg caused an appreciable mortality in his 
eggs(6). We found, however, that we could 
inoculate more than 100 uc into an embryon- 
ated egg without significantly increasing the 
embryo mortality. In an attempt to explain 
this discrepancy we compared the toxicity of 
P*? obtained from Oak, Ridge, Tenn., with 
that prepared at Chalk River, Ontario, Can- 
ada, Graham’s source of material. Table II 
indicates that there is no appreciable differ- 
ence in the material obtained in 1951 from the 
two sources, and that in embryonated eggs 
from White Leghorn hens in the Philadelphia 
area as much as 1000 pe can be used per egg 
without killing a majority of the eggs during 
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TABLE II. Toxicity of P® for Embryonated Eggs 96 Hours Following Inoculation. 
Inoculated into allantoie Inoculated into yolk 
Amt of P® in sac, 11-day-old eggs sac, 9-day-old eggs 
microcuries 10 100 1000 10 100 1000 
American P® (Oak No. surviving 10 10 7 9 9 
Ridge) 1951 wa — a = a ase oe 
No. inoculated 10 10 10 10 10 
Canadian P® (Chalk 9 9 7 10 8 3 
River) 1951 a ee a 
10 10 8 10 10 6 
the time of the experiment. (In a personal each time interval were used. For many 


communication, October 1951, Graham re- 
ported that he was able to confirm our 
findings.) 

Distribution of P®* inoculated into normal 
embryonated eggs. An extensive study was 
made of the fate of P®* inoculated as a dilute 
phosphate solution into normal embryonated 
eggs as a basis for comparison with infected 
eggs. The P** solution was inoculated into 
the yolk sac via a hole in the air sac end of 
the eggs which were subsequently incubated 
at 37°C. The allantoic and amniotic fluids 
were harvested separately. Bloody fluid was 
discarded. The radioactivity of 2 planchets, 
each containing 0.1 ml of fluid, was deter- 
mined separately for each fluid from each egg. 
A minimum of 12 eggs of each age and for 


DISTRIBUTION OF P3¢ IN NORMAL EGGS FOLLOWING 
INOCULATION INTO YOLK SAC 


{O DAY EGGS 


8 DAY EGGS 


9 DAY EGGS 


oe eee ALLANTOIC FLUID 
AMNIOTIC FLUID 


MICROCURIES PER ML.OF FLUID 


| 24 48 72 96 | 24 4872 96 | 24 48 72 96 


NO OF HOURS INCUBATED FOLLOWING YOLK sac INOCULATION 
OF 10 pac oF P32 
FIG. 2. Distribution of P* in normal eggs follow- 
ing inoculation into yolk sac. A minimum of 12 
eggs were used to determine each point on the 
curves. 


points as many as 60 determinations were 
available from the controls of other experi- 
ments. The results which have been repro- 
ducible in many experiments are indicated in 
Fig. 2 and 3. 

Fig. 2 demonstrates that there is no sig- 
nificant difference within 96 hours incubation 
in the distribution of P®? injected into 8- or 
9- or 10-day-old eggs. Although there is wide 
variation from egg to egg as indicated by the 
vertical lines, it is apparent that within 24 
hours, there is at least a 100-fold increase in 
allantoic fluid P®? over the amniotic fluid P**. 
Approximately 1% of the P** injected into 
the yolk sac appears in the allantoic fluid but 
less than 0.01% can be found in the amniotic 
fluid of non-infected eggs. Additional experi- 
ments (Liu, Henle, Blank, and Kaneda, to be 
published), indicated that practically all of 
the allantoic fluid P** in normal eggs can be 
removed by dialysis and probably is present 
as inorganic phosphate. 

Distribution of P®* in virus infected em- 
bryonated eggs. The presence of radioactivity 
in infected tissues was determined by means 
of sensitive silver halide emulsions (auto- 
radiography) as well as by counting with a 
Geiger-Miiller tube. 

Autoradiography of the chorioallantoic 
membrane. Autoradiograms were prepared of 
whole membranes and of histologic  sec- 
tions of membranes. The gross autograms were 
made by applying with pressure ‘“No-Screen” 
x-ray film to the membranes which had been 
spread and dried on a glass lantern slide. 
Fig. 4 demonstrates radioactivity through- 
out the membrane with a concentration 
along blood vessels. Control exposures with 
non-radioactive membranes showed no “‘chem- 
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NO OF HOURS INCUBATED FOLLOWING INOCULATION 
FIG. 3. Distribution of P* in the allantoie and 
amniotic fluids of virus infeeted eggs as compared 
with non-infected eggs. 


FIG. 4. Gross autoradiogram of a chorioallantoie 

membrane indicating areas of localization of P**, 

In addition to the blood vessels, the P® is concen: 

trated in the ‘‘plaques.’’? V were induced by in- 

fection with vaccinia virus and M were induced by 
mechanical trauma, 
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ical fogging” with this emulsion(9). Plaques 
were induced in membranes by infection with 
dilute vaccinia virus suspensions. Control 
plaques were induced mechanically by drilling 
small holes through the shell in a special 
fashion directly over the membrane. P*? was 
inoculated into the yolk sac just before infec- 
tion or mechanical trauma and the eggs were 
incubated for 72 hours. It can be seen from 
Fig. 4, in which both artificial and virus in- 
duced plaques have been produced on the 
same membrane that a high concentration of 
radioactivity appears equally in both types of 
lesions. This probably is a non-specific phe- 
nomenon indicating merely that the rapidly 
growing cells which form the plaques incor- 
porate large amounts of available phosphorus. 
In addition, autoradiograms were prepared of 
histologic sections of radioactive membranes 
with the method developed by the senior 
author which precludes the loss of P®? during 
histologic procedures(10), and these, too, 
show a non-specific but high concentration of 
P* in the plaques (Fig. 5). 

Partition of P®* in egg fluids with infection. 
Fig. 3 is the compilation of many experiments 
in which either vaccinia virus or herpes sim- 
plex virus was inoculated simultaneously with 
the P** into the yolk sac. The vaccinia virus 
was a commercial calf lymph strain egg 
adapted in our laboratory to produce titers of 
10° in amniotic fluid following yolk sac inocu- 
lation. The herpes simplex strain (W) was 
isolated from a patient, identified serologically 
and histologically, and egg adapted to produce 
titers of 10° in amniotic fluid following yolk 
sac inoculation(11). It is apparent that 48 
hours after infection, at which time virus is 
regularly present in the amniotic fluid, there 


F _ 


EIG. 5. Gross autoradiogram of histologic sections 

of chorioallantoie membrane with vaccinia induced 

plaque demonstrating concentration of P® in the 
area of the plaque. 
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is a striking increase in the amount of P* in 
the amniotic fluid. In practice this unmistak- 
able change is observed as the difference, for 
example, between 150 counts/minute for 0.1 
ml of normal fluid and 2000 counts/minute 
for 0.1 ml of infected fluid. In Fig. 3 the 
counts obtained experimentally have been con- 
verted into absolute amounts of P*® so that 
they may be compared with data obtained 
with other counting methods in other labora- 
tories. 


Conclusions. 1. The following observations 
were made on basic methods of using P®* in 
biological studies: a. P*? as received from Oak 
Ridge is usually sterile but penicillin and 
streptomycin can be added before direct in- 
oculation into eggs to obviate autoclaving pro- 
cedures potentially dangerous to laboratory 
personnel. b. Glassware and needles used for 
virus work can be decontaminated of P*? in 
2-4 days with hot sodium metaphosphate 
(Calgonite") solutions. c. Simple methods of 
handling and storing millicurie amounts of 
P®? in biological materials are described. 2. 
Radioactive phosphorus is of relatively low 
toxicity for chick embryos; 500-1000 pc per 
egg is not lethal in 72 hours. 3. P*? injected 
into the yolk sac appears in a 100-fold greater 
concentration in the allantoic fluid than in the 
amniotic fluid in 24-96 hours. 4. The parti- 


tion of P** in the egg fluids is the same for 8- 
or 9- or 10-day-old embryos with periods of 
incubation of 24-96 hours following inocula- 
tion. 5. Following infection with herpes sim- 
plex or vaccinia virus there is a 10-20-fold 
increase in the amount of P*? appearing in 
the amniotic fluid. 6. Chorioallantoic mem- 
brane plaques, whether virus or mechanically 
induced,. concentrate P*? in their cells. 
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Various factors which affect the propaga- 
tion of Theiler’ss GDVII strain of murine 
encephalomyelitis virus in tissue cultures have 
been reported(1). The experiments described 
below were concerned with the effects of 
certain amino acids, amino acid analogues 
and other agents on this system; preliminary 


* Aided by a Research Grant from the National 
Cancer Institute of the National Institutes of Health. 


data were presented elsewhere(2). 


Materials and methods. The methods used 
have been described in detail(1). The virus 
used was obtained from pooled tissue culture 
material after 50 to 60 tissue culture passages. 
It was added to cultures in final dilution of 
1:1,000. Cultures were made in 50 ml Erlen- 
meyer flasks closed with rubber stoppers and 
containing 3 ml of Simms’ X7 solution and 
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50-100 mg of minced mouse brain from 1-day- 
old mice. ‘The initial reaction of the medium 
ras adjusted to pH 8-9, Cultures were incu- 

bated for 2 days at 35°-36°C. The super- 
natant fluid obtained after centrifugation of 
the pooled material from 3 flasks was tested 
for virus content by determination of the 
hemagglutination titer for human red blood 
cells. Serial twofold dilutions were used and 
the end-point was read from the sediment. 
The titer of tissue culture supernatant fluid 
as tested by this method usually was 1280- 
2560. Virus content was also assayed by 
intracerebral inoculation of 7 mice each with 
0.03 ml of serial 2-fold dilutions. ‘The end- 
point was the highest: dilution fatal for 4 or 
more mice during the period of observation 
for 21 days. Control cultures without the 
compound tested were run routinely. All 
experiments were repeated one or more times. 

Results. Of the naturally occurring amino 
acids only lysine, serine and ornithine in- 
hibited virus growth at 1 mg/ml (Table I). 
Alanine, arginine, aspartic acid, cystine, gly- 
cine, histidine, norleucine, phenylalanine, 
threonine, and tryptophane were inhibitory at 
3 mg/ml while leucine, isoleucine, methionine, 
proline and valine had no inhibitory effect 
at this level. ‘Tyrosine did not inhibit at 1 
mg/ml concentration but could not be tested 
in greater amount because of insolubility. 
Synthetic amino acid analogues were highly 
inhibitory at 1 mg/ml. ‘Thienylalanine, furyl- 
alanine, and naphthylalanine reduced the 
RBC titer by 50% even at a concentration of 
0.1 mg/ml. Complete inhibition with this 
amount was obtained with the ortho-, meta-, 
or para-fluorophenylalanines. ‘The lowest con- 
centration of lysine found to be inhibitory was 
0.5 mg/ml, 

Attempts were made to reverse the inhibi- 
tory effect of some of the amino acids by 
addition of one or more amino acids not by 
themselves inhibitory or by the addition of 


+ We are indebted to Drs. H. Borsook and A. 
Haagen-Smit for supplies of «amino and ketoadipic 
acids, to Dr. V. H. Horowitz for canavanine, to 
Dr. Karl Dittmer for the allylglycine, methallylgly- 
cine and the phenylalanine analogues, and to Dr, 
Carl Niemann for the ortho-, meta-, and parafluoro- 
phenylalanines, 
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TABLE T, Percentage Reduction in Hemagghitin- 

ation and Mouse Fatality Titers of Virus in the 

Presonce of Certain Compounds, in Comparison 
With Control Cultures, 


% reduction in titer 


SSS ey 
Mouse Hemageglut. 


Compound 


Limg/nl 


t-Lysine monohydroehtoride — 50-87 
Die ?? A — 87 
tea Aminoadipic acid 75-04 100 
De 2 ad 0 0 
a-Ketoadipic acid 75 100 
pbL-Ornithine monohydro- 50-75 _ 
chloride 
bi-Serine 50-75 87 
bL-B-2 thienylalanine 87-97 100 
bteB-2 furylatanine Q7 100 
bi-8-1 naphthylalanine - 80 
bu luorophenylalanine t 99 100 
biL-Canavanine sulfate _ 100 
pu-Allylglyeine 0-50 0-50 
pL Methallylglycine 50-87 —_ 
3 me/ml* 

bu-Alanine 0-50 50-75 
Arginine monohydrochloride 50-75 100 
bie Aspartic acid 50-75 75-94 
L-Cystine 75 - 
LeGlutamie acid 50 75 
a-Ketoglutaric acid 0 = 
Glycine 50-87 S7—LOO 
u-Llistidine monohydrochloride 50-87 100 
bie tsoleucine 0 0 
L-Leucine 0 0 
pu-Norleucine 50-75 50-87 
bis Meothionine 0 0 
du-Phenylalanine 50-75 50-87 
L-Proline 0 0 
pu-'Threonine 50-75 100 
L-'Tryptophane 50-87 100 
DL- hod 0 a be 


bDt- Valine 0 0 


* Noninhibitory at L mg/ml. . 
t Ortho-, meta- and para- forms equally active, 


1 mg/ml of a combination of each of the 
amino acids listed in Table I as noninhibitory. 
The latter combination, however, was inhibi- 
tory, so was not tested further. Attempted 
reversals of lysine inhibition by addition of 
individual amino acids revealed that only 
methionine, leucine or tyrosine partially pre- 
vented the inhibitory action. 
DL-@-2-thienylalanine was tested for pro- 
tective activity against virus infection in mice. 
Ten mice weighing 10 to 12 g each received 
intracerebrally 0.03 ml containing 2. M.L.D. 
of Theiler’s GDVII virus. Twenty-four hours 
later each was given 25 mg of thienylalanine 
intra-abdominally; this injection was repeated 
daily for 4 more days. Ten control mice were 


given saline instead of the drug. Nine test 
mice and 8 untreated controls died in 7-14 
days; 1 mouse in the former and 2 in the latter 
group survived. Preliminary tests showed 
that the compound was not toxic in the 
amounts used since’ animals survived 6 suc- 
cessive daily doses of 25 mg without incident. 

Discussion. The reasons for the virus in- 
hibiting action(4-8) of amino acids and amino 
acid analogues and for differences among 
them are no more apparent than they are for 
bacteria and fungi. In the relatively high 
concentrations used in the present studies 
only a few naturally occurring amino acids 
were noninhibitory. Of the naturally occur- 
ring amino acids lysine was the most in- 
hibitory. This is particularly interesting 
since it has been shown that Theiler’s virus 
has a-unique effect on protein-bound lysine 
and histidine, in mouse brain, im vitro(3). 
The amounts of these amino acids and their 
incorporation of radiocarbon from glucose are 
| markedly reduced, in vitro, by virus propaga- 
q tion while other amino acids are not affected 
: by virus growth in this way. Possibly lysine 

and histidine metabolism are important in the 
host-virus relationship in this system. Studies 
! of this problem are in progress. 

The observation that L-«-aminoadipic and 
a-ketoadipic acid are as highly inhibitory as 
lysine is in accord with the data of Borsook, 
et al.(9), and Windsor(10) who showed that 
these compounds are metabolites of lysine. 
The inactivity of D-«-aminoadipic acid sug- 
gests that the inhibition is due to an inter- 
ference with specific metabolic processes. 
There is no explanation at present for the 
partial reversal of lysine inhibition brought 
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about by methionine and by leucine or tyro- 
sine or for the partial reversal by methionine 
of the lysine inhibition of P**O, incorporation 
into the phospholipid and protein-bound frac- 
tions of mouse brain(11). Such reversals 
indicate a possible metabolic relationship 
among these amino acids. 

Summary. 1. Various amino acids and 
analogues in concentrations of 1-3 mg/ml 
inhibit the propagation of Theiler’s GDVII 
strain of mouse encephalomyelitis virus in 
tissue cultures of one-day-old mouse brain. 
The most active amino acid was L-lysine 
which was inhibitory at 0.5 mg/ml. The most 
effective analogues tested were the ortho-, 
meta-, or para-fluorophenylalanines, active at 
0.1 mg/ml. 2. Partial reversal of lysine in- 
hibition of virus growth was obtained with 
methionine, leucine, or tyrosine. 
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The albuminoid (collagen, elastin, and 
reticulin) of human arteries of the elastic 
type appears to undergo qualitative as well as 


quantitative aging changes. Thus, a gradual 
increase in collagenous substance(1), accom- 
panied by minor changes in elastin content 
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(2,3) has been demonstrated with progressive 
age. Increases in the calcium and aspartic 
acid content of arterial elastin with aging have 
also been shown(2-6). 


The demonstration that collagen from ani- 
mal skin contains about 0.47% carbohydrate, 
probably in the form of glucose and galactose 
(7-9), stimulated us to investigate this carbo- 
hydrate fraction in the human aorta.  Pre- 
liminary studies revealed the presence of a 
similar carbohydrate fraction in the albumin- 
oid portion of the human aorta. The purpose 
of this investigation was therefore to deter- 
mine whether or not this albuminoid carbo- 
hydrate varies with age, Sex, or various patho- 
logical processes. 

Materials and methods. ‘The albuminoids 
were extracted by the method of Highberger 
(10), which was modified for our purposes. 
Tryptic digestion was eliminated because of 
the probable degradation of collagen following 
such treatment(11,12). It is therefore not 
possible to determine with certainty which al- 
buminoid fraction contained the carbohydrate 
measured by our procedure, although theo- 
retically the elastin should not be altered by 
this method. All samples were obtained from 
autopsy specimens and were refrigerated for 
no more than 60 hours before treatment. Only 
aortic tissue lying proximal to the origin of 
the coeliac artery was used in these experi- 
ments. The aortae were placed in absolute 
alcohol, shaken, and refrigerated for at least 
6 hours. The alcohol was then changed and 
the procedure repeated for a minimum of 6 
hours. Following dehydration, the samples 
were cut into approximately one-half inch 
squares, and random samples weighing about 
15 g were placed in small gauze bags. From 
4 to 8 of the sample bags were extracted with 
750 ml of acetone in a large Soxhlet-type 
extractor for at least 16 hours. Following this 
the samples were washed with enough absolute 
alcohol to insure the removal of the remaining 
acetone, and the washings were discarded. 
Further extraction was then carried out for 
from 10 to 12 hours with 750 ml of absolute 
alcohol. The samples were then washed with 
distilled water and drained thoroughly. Treat- 
ment with 4 changes of half-saturated calcium 
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hydroxide solution followed. This was ac- 
complished by the use of a mechanical shak- 
ing machine. At the end of each shaking 
period (55 minutes) the samples were 
squeezed so as to express the excess calcium 
hydroxide before being placed in a fresh solu- 
tion. The filtrate from the fourth treatment 
gave no precipitate on acidification with 
acetic acid, indicating the absence of mucoids, 
The samples were then washed thoroughly 
with distilled water, drained thoroughly, and 
washed with cold 0.007 N acetic acid. Four 
to 6 acetic acid washings were used, all wash- 
ings being stirred well and thoroughly drained. 
After the exhaust liquid was found to be acid 
to litmus, several distilled water washings 
were used until the wash gave a negative re- 
action for calcium when tested with am- 
monium oxalate. The material was then de- 
hydrated with several changes of absolute al- 
cohol, washed several times with ethyl ether, 
and air-dried. The samples were then re- 
moved from their bags and weighed on an 
analytical balance. Each sample was then 
quantitatively transferred to a large Pyrex 
test tube to which was added 25 ml of 5% 
sulfuric acid. The tubes were placed in a 
boiling water bath for one hour, cooled in cold 
water, and the contents. filtered into 100 ml 
volumetric flasks, The residue and filter 
paper were washed thoroughly with distilled 
water, and the flasks diluted with distilled 
water to the mark. After thorough shaking, 
10 ml of the clear brownish solution was 
pipetted into a test tube containing 10 ml of 
10% trichloroacetic acid solution. This pro- 
cedure was necessary in order to reduce the 
amount of coloration. The contents of the 
tubes were shaken thoroughly, allowed to 
stand at least 10 minutes, and filtered into a 
dry test tube. One ml of the relatively color- 
less filtrate was pipetted into a test tube con- 
taining 10 ml distilled water, and the solution 
was shaken thoroughly. A 5 ml aliquot of 
this solution was then pipetted into an Evelyn 
macrocolorimeter tube; the tube was placed in 
a cold water bath. The carbohydrate was 
estimated by the method of Seifter e¢ a/.(13) 
and calculated on a glucose basis. 


Duplicate samples from the same aorta were 
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TABLE I. The Albuminoid Carbohydrate Content of Human Aortae, 


Mean carbohy- 


drate content, 


No. of mg glucose/g 
samples albuminoid Stand. dey, ft Probability 
Age group (yr) 
0-19 5 10.5 3.3 
20-39 9 10 5.4 19 Re, 
40-59 6 10.5 .2 i) l 
60-69 11 11 2.2 86 > 5 
70-87 11 11.9 12.8 24 Sone 
42 Avg ~10.9 7.1 
é 27 10.9 eye i 
) 14 10.5 4.3 17 > 5 
Normal 8 8.9 5.8 
Pathological* 29 11.6 7.8 91. > .05 
Caleified t 9 9.4 2.5 24 ers, 
* Specimens which showed gross plaque formation, ulceration, or sclerotic changes. 


+ Gross observations. 


analyzed in 4 cases, and a triplicate sample 
was determined in one case. The average 
percentage deviation from each mean was ap- 
proximately 12%. ‘The possibility that dif- 
ferent parts of the same aorta are not homo- 
geneous in respect to carbohydrate content 
may partially account for this figure. A 90% 
recovery was obtained by the addition of 6.25 
mg of glucose to a duplicate sample. A total 
of 42 separate specimens was used for the 
analyses. 

Results. The 42 samples were subdivided 
into 5 age groups and the youngest age group 
used as the base line for statistical analyses 
which were performed by Mr. G. Mestler of 
this department. The youngest specimen was 
obtained by pooling the aortae from two still- 
born infants. All other samples were obtained 
at random from a series of autopsies. The 
data revealed no significant age changes in 
albuminoid carbohydrate content (Table I). 

Likewise, no sex (Table I) differences could 
be found from the experimental results. All 
aortae were examined grossly for pathological 
processes. Histological examinations of these 
tissues will be reported in a later paper. The 
specimens were subdivided, on the basis of 
gross findings, into a normal group in which 
no pathological changes were observed, and a 
pathological group in which plaque formation, 
ulcerations, or calcifications were found. In 
comparing these 2 groups (Table I), no sig- 


nificant carbohydrate differences were ob- 
served. Those samples which showed definite 
calcified areas were also compared with the 
normal group. Again, no statistically signifi- 
cant changes could be seen from the data 
(Table I). 

Discussion. The results of this investiga- 
tion thus revealed that the albuminoid carbo- 
hydrate content of human aortae does not 
significantly change with age, sex, or path- 
ology. They did, however, clearly demon- 
strate the presence of a constant carbohydrate 
fraction in the albuminoid portion of the 
human aorta. The exact significance of this 
carbohydrate fraction cannot be presently 
evaluated. An attempt to isolate and deter- 
mine the nature of this carbohydrate fraction 
is being undertaken. 


Summary. 1, The presence of a constantly 
occurring carbohydrate fraction in the human 
aortic albuminoid has been demonstrated. 2. 
This carbohydrate fraction does not appear 
to be altered by age, sex, or pathological 
changes in the aorta. 3. The possible sig- 
nificance of this carbohydrate has been dis- 
cussed. 
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STANLEY J. SARNOFF, ERIK BERGLUND, AND Puivip E. WAITHE. 


From the Department of Physiology, Harvard School of Public Health, Boston, Mass. 


Various technics for the measurement of 
cardiac output or large portions thereof have 
been proposed by Gregg and Shipley(1), 
Weegria et al.(2,6), Seely and Gregg(3), 
Eckstein e¢ al.(4), and Bohr and Henriques 
(5). The method to be described below 
measures systemic blood flow, 7.e. cardiac out- 
put minus coronary flow. It is relatively 
simple to perform and has the virtue of being 
accomplished by cannulation only of intra- 
thoracic vessels. 

Recent work has shown the adaptability of 
the Potter turbinometer to the problems of 
measuring total aortic flow(7). This flow- 
meter records pulsating flow as accurately as 
steady flow, and thus the necessity for using 
a buffer bottle or pressure reservoir in the 
system has been eliminated along with the 
undesirable shift of blood from dog to bottle 
and vice versa that occurs with variations in 
arterial pressure. Further, the sensing ele- 
ment is a tube 2.5 inches x 0.5 inch and sig- 
nificantly decreases the amount of blood re- 
quired to fill the system when compared to a 
system using a rotameter with a buffer bottle. 

Method. Mongrel dogs of both sexes were 
anesthetized with morphine sulfate, 4 mg per 
kg intramuscularly, and chloralose, 48 mg 
per kg, and urethane, 480 mg per kg intra- 
venously. Dogs in excess of 14 kg were used. 
Smaller dogs may be used if the cannulae are 


* Aided by a grant from the National Heart Insti- 
tute, U. S, Public Health Service. 


made of a size smaller than those listed in Fig. 
1. After a tracheotomy cannula is inserted, 
positive pressure breathing is maintained with 
a modified Starling pump. With the dog on 
its right side, the left ribs 3, 4 and 5 are then 
partially removed: The first 3 sets of inter- 
costal vessels are ligated, but the aorta is not 
dissected free in order to eliminate the ooze 
that might otherwise occur after hepariniza- 
tion. The brachycephalic artery is then 
cleared from its point of origin to its bifurca- 


FIG. 1. Schema of aortic flow technic. See text. 

Desirable minimal internal diameters of cannulae 

are 10 mm for A, 9 mm for A’, 8 mm for B, and 
3 mm for S for use in dogs from 15 to 20 kg, 
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FIG. 2. T.A.F. = Total aortic flow (cardiac output minus coronary flow). A = Aortie pressure. 
\\ L.A. = Left auricle pressure, V.C.—= Vena cava pressure (lower tracing on top channel; scale 
at left). P.A.— Pulmonary artery pressure (upper tracing on top channel; scale at right). 
i Time marker at bottom in seconds. Prior to beginning of tracing a screw clamp was placed on 
/ the tubing of outflow cannula A (Fig. 1) so as to increase aortic pressure and resistance and 
produce arterial hypotension distal to the serew clamp with consequent reflex vasoconstriction. 
i\ Aortie clamp released at first signal. Heavy black lines = integrated (mean) pressures (V.C., 
; P.A., L.A. and portions of aortic tracing). 


tion. It is wise to ligate and divide a fine emergence from the aorta. The left sub- 
branch that leaves the brachycephalic artery clavian artery is cleared for a distance of 
posteriorly about 1 cm above its point of about 3 cm above its point of origin. When 
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the preparation of the vessels is complete, 
30 mg per kg of Treburont is given intra- 
venously. Two Blalock clamps are placed on 
the aorta, one just distal to the left subclavian 
artery and the second about 2 inches distal 
to the first. The proximal (A) and distal 
cannula (A’) are then secured in place and 
the system filled with blood by releasing the 
proximal aortic clamp and opening a side arm 
until no air remains (Fig. 1). The distal 
aortic clamp is then released, and aortic flow 
is reestablished. The period of occlusion of 
the thoracic aorta lasts between 3.0 and 4.0 
minutes, and during this period the brachy- 
cephalic artery still carries blood to the brain. 
After about 10 minutes the brachycephalic 
artery is then tied off at its origin, a Blalock 
clamp is placed just above its bifurcation, and 
cannula B inserted. Flow is reestablished 
in between 1.5 and 3.0 minutes, during which 
period blood flow to the brain is maintained 
only by the collaterals which reach it through 
the still patent left subclavian artery and the 
right internal mammary artery that comes up 
from below and enters above the point of 
brachycephalic occlusion. Finally, either the 
left subclavian artery cannula (S) is inserted 
or the left subclavian artery is simply oc- 
cluded. 


The proximal aortic cannulae (A’) conducts 
blood to the flowmeter (PT) from which it is 
distributed to descending aorta, brachy- 
cephalic and sometimes also the left sub- 
clavian artery. In this. way the only vessels 
of significant size that receive blood from the 
left ventricle without having it first traverse 
the flowmeter are the coronary arteries. The 
method is, therefore, one which records cardiac 
output minus coronary flow. To obtain regis- 
tration of total cardiac output, cannulation of 
both coronary arteries would also be required. 


Aortic pressure, proximal to the opening of 


t Supplied through the generosity of Dr. Elmer 
Sevringhaus, Hoffmann-La Roche, Nutley, N. J. 
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Cannula A, is obtained through a length of 
fine vinylite tubing that pierces the wall of the 
tubing connected to Cannula A and extends 
3 or 4 mm beyond the cannula orifice. See C 
in Fig. 1. The desirability of this arrange- 
ment, recently pointed out by Paine et al.(8), 
is that it avoids errors imposed by the pres- 
sure drop of the cannula orifice itself. Vena 
cava, pulmonary artery, and left auricle pres- 
sures are also obtained when desired by means 
of appropriately placed catheters connected to 
electromanometers(9). Fig. 2A shows the 
registration of total aortic flow, vena cava, 
pulmonary artery, left auricle, and aortic 
pressures during and after partial aortic oc- 
clusion. 

Summary. A technic of measuring total 
aortic flow has been presented which essential- 
ly reestablishes cardiovascular continuity, 
limits vascular dead space to less than 100 cc, 
and is accomplished by connections with 
intrathoracic arteries. The use of the Potter 
electro-turbinometer has eliminated the pres- 
sure buffer bottle, since it follows pulsatile 
flow accurately. 
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Poliomyelitis Virus in Blood of Orally Infected Monkeys and 


Chimpanzees.* 


Dorothy M. HorstTMANnN. 
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(Introduced by J. L. Melnick.) 


From the Section of Preventive Medicine, Yale University School of Medicine, New Haven, Conn. 


Although poliomyelitis virus has occasional- 


_ ly been isolated rather late in the experimental 


disease from the blood of paralyzed monkeys 
infected by various routes(1-3), viremia in 


human poliomyelitis, in spite of many at- 


tempts, has been demonstrated only once— 
early in the. course of an abortive or non- 
paralytic attack(4). A possible explanation 
for the negative results with the human disease 
is that in the naturally occurring infection 
transient viremia occurs early, in the incuba- 
tion period, or during the first phase, and by 
the time clinical signs of the second phase 
appear (paralytic or non-paralytic), it is too 
late to demonstrate virus in the blood. This 
line of reasoning prompted the present experi- 
ments, in which animals were infected by 
a natural route, z.e. orally, and blood speci- 
mens, collected during the incubation period, 
were tested for the presence of poliomyelitis 
virus. 


Materials and methods. Cynomolgus mon- 
keys (M. irus, M. cynomolgus) and chimpan- 
zees (Pan satyrus) were used because of their 
known susceptibility to oral infection(5-8). 
Four separate experiments were carried, out. 
In the first 3, the animals were fed the Y-SK 
strain (Lansing type) of poliomyelitis virus 
in the form of pooled monkey cords (approxi- 
mately 30th passage); in the fourth, the 
Egypt strain;.a Brunhilde type, was used in 
a pool of early passage monkey cords. The 
monkeys received 5 ml of 20% virus suspen- 
sion with mashed banana on one occasion only, 
while the chimpanzees were fed 5 to 15 ml of 
the same material twice, 3 hours apart. In 
the first experiment, carried out in Mar. 1951, 
13 monkeys were fed virus; in the second 
(Oct. ’51), 26 monkeys were fed poliomyelitis 
virus, and in addition some of these received 
the Texas strain of Coxsackie virus and/or 


cortisone, 25 mg daily for 12 days. In the 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 


third experiment (Nov., 751), 4 chimpan- 
zees were fed the Y-SK strain of virus alone, 
and in the fourth (Dec., 51), 15 cynomolgus 
were given the Egypt strain of virus. Twenty- 
four hours after virus feeding, 5-10 ml of 
blood were withdrawn from the femoral artery 
or vein of each animal. This was repeated 
daily for 5-7 days with most of the animals, 
although some were bled only on alternate 
days. All bloods were heparinized, placed 
in sterile lusteroid tubes within larger tubes, 
and spun at 2000 rpm before being frozen 
on dry ice. When prepared for inoculation, 
the middle section of the frozen blood was 
cut out, so that the 1 cc inoculum contained 
equal amounts of plasma and RBC, and the 
entire buffy coat, or at least the majority of 
the WBC from about 6 cc of blood. Tests 
for virus in these samples were carried out 
by intracerebral inoculation of rhesus mon- 
keys, one animal for each specimen. If the 
test monkey failed to show signs of disease 
after 3-4 weeks, it was reinoculated with the 
same material a second time. Test animals 
were observed for 4 weeks after the last virus 
inoculation; those which developed paralysis 
and any which showed questionable signs were 
sacrificed for histological study. 

Results. A summary of the findings ap- 
pears in Table I. In the lst experiment, 4 
of 13 monkeys became paralyzed after feed- 
ing, the incubation periods ranging from 11 
to 32 days. All of the bloods which had been 
collected from the paralyzed animals were 
tested, but only one monkey (Cy 5372) 
proved to have viremia: a specimen of its 
blood collected 5 days after virus feeding, 
on the 6th day before the appearance of 
paralysis, produced typical poliomyelitis in 
a rhesus monkey. In the second experiment, 
only 1 of the 26 animals developed paralysis; 
this was Cy 5965, which had been given daily 
injections of cortisone for 12 days following 
virus feeding. Blood specimens from this 
animal, collected 4 and 5 days after feeding, on 


AS VIREMIA IN EXPERIMENTAL POLIOMYELITIS 
TABLE 1, Viremia in Chimpanzees and Monkeys After Ingestion of Poliomyelitis Virus. 
Results of tests for virus in blood 
Na, animals ———Days atter virus ingestion——, Day of 
Date Strain fed paralyzed Animal 1 2 3 4 5 6 7 paralysis 
AVR | ¥-SK 4/13* Cy 5872 _-> —- —- — + il 
S367 _ _ 32 
5428 _- —- — —- jhe 
5432 —- na gE 12 
XQ pe 1/26 Cy 5965 — + + fa 
ST9S + No apparent 
S803 + + disease 
Chimpanzees 
n se O/t Karin _—-_ —- — + ' + — — |] 
Ingrid —_— oS No apparent ; 
Asta _- + disease 
Tiisa - ee Oo hl rl 
A Egypt 10/253 Cy 5935 — — + + + g > 
5938 _—- Ing + + ven 
5805 =— = oF > —- 9 : 


* Namerator indicates namber paralyzed; denominator, number fed, 
* The testing of the bleeds of only 3 of the paralyzed monkeys In this group has been completed to 


Rate, 


+ and — Indicate positive and negative tests fer virus, 


the 6th and 7th days before the appearance 
of paralysis, both yielded positive tests for 
poliomyelitis virus. Two other monkeys 
(S795, S808), although they did not show 
evidence of disease, were nevertheless infected, 
as indicated by the development of specific 
neutralizing antibodies, The blood specimens 
of these animals, collected on the 4th and 5th 
days after virus Ingestion, were also found to 
contain poliomyelitis virus. The administra- 
tion of cortisone or cortisone and Coxsackie 
Virus In this experiment did not increase the 
incidence of paralytic disease. Of the 4 chim- 
panzees fed virus in the third experiment, 3 
proved to have viremia on the 4th and 5th 
days after virus ingestion. As is usual in 
these animals, none developed signs of the 
disease, Ten of the 15 monkeys fed the Egypt 
Strain of poliomyelitis virus in the fourth ex- 
periment developed paralysis with incubation 
periods ranging from § to 12 days. Blood 
Specimens from several of these have been 

tim a subsequent experiment, as yet incomplete, 
these same chimpanzees which had developed viremia 
follewing Infection with the ¥-SK strain were fed 
Egypt Strain (Branhilde type). To date, 2 of the 
+ have been found te have viremia on the Sth and 6th 
days after virus ingestion, indicating that viremia can 
eeear dn the same animal at least twice, with 2 
@ifereant immuneleical types of virus. 


Tne, = incomplete test. 


tested and viremia has been detected on the 
4th, 5th, and 6th days after virus ingestion, _ 

All blood samples collected from chimpan- 
zees and paralyzed monkeys during the first 
3 days after feeding failed to produce polio- 
myelitis in the test animals; 6th and 7th day 
bloods from two chimpanzees were also nega- 
tive, 

Comment. Mention has already been made 
that poliomyelitis virus has been isolated from 
the blood of experimentally infected monkeys; 
late in the paralytic disease. It has been sug- 
gested that that phenomenon is part of a 
severe or overwhelming infection, and is per- 
haps a terminal event. On the other hand, the 
demonstration of poliomyelitis virus in the 
blood early in the incubation period in animals 
experimentally infected by the oral route with 
both Brunhilde and Lansing types, is a new 
finding. It suggests the possibility that 
viremia may occur in the incubation period of 
the human disease. Since it is known that 
antibodies appear in the blood of cynomolgus 
monkeys(%) and chimpanzees(10) as early as 
7 to 10 days following ingestion of virus, the 
first 5-7 days after virus feeding was the 
period upon which attention was concentrated. 
Whether or not viremia occurs later in the 
incubation period of the experimental disease 
has not yet been determined. In the experi- 
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— ment on chimpanzees (No. 3), the viremia was 


transient and limited to the 4th and 5th days. 
In the human disease, as in orally infected 


: _ monkeys, antibodies are already present at the 
time of onset of clinical symptoms(11,12), 


which suggests that the time to look for 
viremia in man is early in the incubation 
period, 


Summary. Seven of 10 cynomolgus mon- 
keys and 3 of 4 chimpanzees have been found 
to have viremia early in the incubation period 
following oral infection with poliomyelitis 
virus. Viremia was present in animals in- 
fected with a Brunhilde type (Egypt) as well 
as a Lansing type (Y-SK), and persisted in 
some animals over the 4th, 5th, and 6th days 
after virus ingestion. Virus was not isolated 
from blood specimens collected during the first 
3 days after feeding, nor on the 7th day, in 
the two instances in which it was tested. The 
interval between viremia and the appearance 
of paralysis varied between 3 and 7 days in 
the cynomolgus monkeys. 
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MarciA Herrotp AND Lio A. SAPIRSTEIN. 
From the Department of Physiology, Ohio State University, Columbus, O. 


Body water has been measured in man(1) 
and in other animals(2,3) by determining the 
volume of distribution of antipyrine, which 
appears to equilibrate with all compartments 
of body water. The originators of the method 
have, however, questioned the usefulness of 
this technic in the determination of body 
water in the dog, for although antipyrine is 
present in all tissues and organs in this species 
in amounts proportional to the water content, 
it is so rapidly destroyed in the dog that it 
was thought questionable that equilibration 
could be attained before nearly complete de- 
struction of administered antipyrine. 


In preparation for some experiments in- 


* Supported by a grant for Cancer Research by the 


Ohio Department of Health. 


volving the determination of body water in 
human subjects, we attempted to study the 
technic in dogs. In agreement with previous 
workers(2) we found that blood antipyrine 
concentrations in the dog decreased at a rate 
some 5 times greater than the corresponding 
decrease in man. Since equilibrium in man is 
not attained before one to 2 hours, it appeared 
probable that destruction in the dog might be 
complete before adequate mixing in the body 
fluids could be accomplished. However, in 
investigating this question further, we found 
that the rate of equilibration of antipyrine 
with body fluids in the dog was so rapid that 
it compensated for its rapid destruction and 
made feasible the determination of body 
water in this species by the antipyrine method. 

Methods. The dogs used were mongrel 
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PLASMA ANTIPYRINE 
CONCENTRATION MG/L. 


TIME 


dogs of both sexes which were chosen to rep- 
resent a large range of body size and nutri- 
tional status. Some animals appeared to be 
suffering from severe inanition. All animals 
were fasted overnight and antipyrine was ad- 
ministered intravenously on the following 
morning at doses of 250 mg in 25 ml of saline. 
A control blood sample was taken from the 
external jugular vein just before the injection, 
and further blood samples were taken at 10, 
20, 40, 60, and 90 minutes after the adminis- 
tration of the antipyrine. The concentrations 
of antipyrine were then determined on the 
protein free plasma by the method of Brodie 
et al.(2), using the Beckman DU spectro- 
photometer with the UV light source but with 
glass rather than quartz cuvettes. Optical 
densities of 0.020 to 0.035 were typical for the 
blanks, and the dose of antipyrine adminis- 
tered was sufficient to give optical densities of 
0.100 to 0.150 in dogs of moderate size (10 
kilos) at 60 minutes when plasma was diluted 
1:4. The values of plasma antipyrine ob- 
tained were plotted on semilog paper against 
time, and the concentration at zero time was 
extrapolated from the decay curve. Anesthesia 
(intravenous pentobarbital sodium) was used 
in some dogs. The results did not appear to 
be significantly affected by this anesthetic. 

Results. The antipyrine concentration-time 
curve obtained was similar in all dogs, though 
the rate of decay showed some variability, 
ranging from 20% to 60% per hour with an 
average of 31% per hour. A typical curve is 
shown in Fig. 1. 
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FIG. 1. Typical antipyrine concentration-time eurve in the dog (plot on semilog paper). 


Examination of our curves shows that in all 
cases even the earliest plasma samples taken 
(10 minutes) fall on the line extrapolated 
from the later periods. If mixing were inade- 
quate at this time, one would expect to find 
the earlier concentrations higher than the ex- 
trapolated linear curve. The fact that they 
are not so indicates that antipyrine equi- 
librates with the body fluids in the dog in the 
surprisingly short time of less than 10 minutes. _ 

The rapid equilibration of antipyrine with 
the body fluids in the dog makes the deter- 
mination of antipyrine space feasible in this 
animal despite the high destruction rate of 
this substance. We have found that samples 
taken at 20, 40, 60, and 90 minutes will or- 
dinarily give a sufficient number of usable 
points to enable construction of a linear decay 
curve with assurance. 

By use of this method, the antipyrine space 
of 8 apparently normal dogs in good nutri- 
tional status was found to range from 53.9 to 
67.9% of the body weight. The average value 
was 59.9%. This value correlates excellently 
with the reported values for the water content 
of dogs determined as deuterium oxide space 
of 639¢(4) and adds further support to the 
view that antipyrine is distributed throughout 
the body water. Emaciated dogs showed 
somewhat higher values for antipyrine space, 
values of 75.0, 75.6, and 79.5% being ob- 
tained in 3 such animals. This finding is con- 
sistent with Behnke’s observation(5) that 
body water is a constant proportion of lean 
body mass, and that it is reduced in relation 
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TABLE I. Volume of Distribution and Rate of 
Destruction of Antipyrine in the Dog. 


Antipyrine Decay rate, 
Sex Wt, kilo space, % Go f/x 

9 10.4 55.2 3 

3 8.2 60.8 28 
9 17.3 60.1 23 
Q* 13.3 75 29 
Q* 18.4 79.5 46 
2 14.8 53.9 3 

97 4,2 76.5 30 
Q 16.9 56.8 21 
4 24 67.9 60 
3 10 59.1 24 
3 18.5 66, 66.4t 20 


*Very lean or emaciated dogs. 
+ Repeat determination after a 3 week period. 


to total body mass in obese animals and men. 
The results in 11 dogs are given in Table I. 
Summary and conclusions. 1. Intraven- 
ously injected antipyrine is destroyed in the 
dog at the rate of 20 to 60% per hour. 2. 
Nevertheless, antipyrine space may be used 
for the determination of total body water in 
the dog, because of the fact that the distribu- 
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tion of antipyrine appears to be essentially 
complete after 10 minutes. 3. Dogs in ade- 
quate nutritional status are found to have 
antipyrine spaces of 53.9% to 67.9%. The 
average value obtained from 8 normal dogs 
was 59.9%. 4. Inadequate nutrition and 
emaciation result in an increase in the anti- 
pyrine space, a result consistent with the idea 
that body water is related more closely to 
lean body mass than to body weight. 
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Passive Immunity in Poliomyelitis. IV. Protection of Rhesus Monkeys 


Against Cerebral Challenge.” 
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A. J. RHopEs, F. T. SHimapA, ErnA M. CLArk, W. Woon, Ann R. C. Ritcuie. 
(Introduced by R. C. Parker.) 


From the Connaught Medical Research Laboratories, University of Toronto, and The Hospital 
for Sick Children, Toronto, 


During the last 20 years, several workers 
have investigated the protective properties 
of immune serum from human and animal 
sources in experimental poliomyelitis. The 
significance of much of this earlier work is 
difficult to assess, as technics for the accurate 
titration of virus pools and immune sera had 
not been developed, the existence of distinct 
immunologic types of virus was unsuspected, 
and often the number of animals used was too 
small for the results to have statistical value. 
The experiments of Kramer(1,2), however, 
indicated that human convalescent serum ex- 
erted a significant degree of protection in mice 


* Aided by a Grant from The National Founda- 
tion for Infantile Paralysis. 


challenged cerebrally with the Lansing strain. 
Interest in this subject was revived when it 
was shown that gamma globulin prepared from 
human plasma protected mice against the 
Lansing strain(3). Bodian(4) demonstrated 
the presence in this material of antibody to 
all three immunologic types of poliomyelitis 
virus. Later he showed that some protection 
against an intramuscular’ challenge was 
achieved in rhesus monkeys inoculated intra- 
muscularly with 2 ml of gamma globulin per 
kilogram body weight(5). We have shown 
that mice can be protected against a cerebral 
challenge of Lansing mouse virus by the 
inoculation of monkey immune serum, as well 
as plasma and placental gamma globulins(6). 
The present paper describes 3 passive pro- 
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tection experiments in monkeys, the virus chal- 
lenge being given intracerebrally with the 
object of paralyzing 90-100% of controls, and 
thus making easier the evaluation of any 
sparing effect. In each experiment the virus 
challenge was given at a time when large 
amounts of circulating antibody were present. 
It is possible that the mechanism of protec- 
tion depends on the neutralization of virus at 
the site of inoculation, because of the leakage 
of antibody from ruptured vessels. We con- 
sider, however, that this possibility does not 
detract from the theoretical value of the re- 
sults. 

Materials and methods. Monkeys. Rhesus 
monkeys were used in all experiments. They 
weighed from 5 to 11 lbs and were obtained 
from Okatie Farms, South Carolina. All were 
shown to be tuberculin negative. Sera and 
gamma globulin. Plasma gamma globulin used 
in the preliminary experiments was supplied 
by the American National Red Cross; the 
50% neutralizing titer determined in mice for 
the Lansing strain was 3.5 logs (10°-°). 
Placental gamma globulin was generously pro- 
vided by Lederle Laboratories Division, Ameri- 
can Cyanamid Company, and contained at 
least 16% gamma globulin. The average 50% 
neutralizing titer against Lansing virus was 
3.5; this material exerted a powerful protec- 
tive action in mice against intracerebral chal- 
lenge of Lansing virus(6). The pooled im- 
mune monkey serum was obtained from rhesus 
monkeys injected every 2 weeks by the intra- 
muscular route with Lansing virus incorpo- 
rated either in distilled water or adjuvants 
(7). The 50% neutralizing endpoint of the 
serum pool used in Experiment 2 was 4.5 
and in Experiment 3, 3.86. No Lansing anti- 
body was detected in the pools of normal 
monkey serum. Virus pools. Lansing virus 
monkey pool No. 9 was used throughout for 
the challenge of monkeys(7). It was prepared 
from the cord enlargements of monkeys har- 
vested on the first day of paralysis following 
inoculation of a 10%-° dilution of monkey 
cord pool No. 8. A titration of pool No. 9 was 
carried out shortly after its preparation, by 
inoculation in 5 groups of 10 monkeys, and 
the PDso9 was found to be 5.2. Histologic 
examination of monkeys. Histologic examina- 
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TABLE I. Lansing Antibody Levels in Monkeys 
after 20 ml (Int¥avenous Injection) of Plasma 


Gamma Globulin Approximately 4 ml/lb body wt. 


50% neutralizing titer of monkey 
serum at following times* 


Before 
No. Wt inj. 24hr 48hr 72hr 
A242 - 5 1b, 2-02 0 2.65 
A243 5 15 0 2.72 1.95 
A244. 5 3 0 2.79 2.72 19 


* Sera tested with 17 LDs9 of Lansing virus. 


TABLE II. Lansing Antibody Levels in Monkeys 
after 20 ml (Intramuscular Injection) of Plasma 
Gamma Globulin Approximately 3 ml/lb body wt. 


50% neutralizing titer of monkey 
serum at following times* 


Before - Days —, 
No. Wt inj. 4 i 10 14 
A293 71b, 80z 0 2.76 
A294 6 14 0 3.1 2.72 
A206 1 7) 12 0 2565: 82726 So elOae eo 


* Sera tested with 17 LDs9 of Lansing virus. 


tion was carried out on all test animals, and on 
those control animals in which typical paraly- 
ses were not observed. The brain and cord 
were removed from each animal, fixed in 
formalin, and sections of cortex, basal ganglia, 
brain stem, cerebellum, and several levels of 
spinal cord were examined microscopically. 

Preliminary experiments in monkeys. Cer- 
tain preliminary experiments were carried out 
in order to estimate the neutralizing titers 
likely to be obtained in monkey serum shortly 
after the intravenous or intramuscular injec- 
tion of gamma globulin. In Table I are shown 
the Lansing virus antibody levels in 3 mon- 
keys at various intervals after the intravenous 
injection of approximately 4 ml of plasma 
gamma globulin per pound of body weight. 

In Table II are shown the Lansing virus 
antibody levels in the serum of 3 larger mon- 
keys after the intramuscular injection of ap- 
proximately 3 ml of plasma gamma globulin 
per pound of body weight. It will be seen 
that antibody titers in the region of 3.0 were 
obtained 4 days after the inoculation of 3 ml 
of gamma globulin per pound of body. weight 
intramuscularly, whereas such a level was only 
found 24 hours after an injection of approxi- 
mately 4 ml per pound of body weight intra- 
venously. A serum antibody titer of 3.0 was 
considered by Morgan(8) to represent the 
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TABLE IIT. Passive Protection Experiment with Placental Gamma Globulin Intraveuously 
(Experiment 1). 


Deaths from 


Prophylactic Challenge causes other Polio- 
No, of animals Avg wtof admin. intray. day inoculum than myelitis 
and designation monkeys before challenge (thalamic) poliomyelitis rate 
10 control 5 lb, 14 oz 0 0/10 10/10 
10 test 5 614 5 ml (.8 ml/Ib 160 PDs (.8 ml 0/10 9/10 
body wt) of 10°? dilution 
f Lansing 
aK: 6 25 ml (4.ml/Ib . 8 1/10 8/9 
body wt) ee (menin- 
gitis) 


TABLE IY. Passive Protection Experiment with Immune Monkey Serum Intramuscularly 
(Experiment 2). 


Monkey serum Deaths 
admin. intramuse. Challenge from causes 
No. of Avg wt of day before inoculum other than Poliomy- Avg ineuba- 
animals monkeys challenge (thalamic) polomyelitis elitis rate tion days 
20 control 61b,80z 5 ml normal serum 1/20 18/19 i 
per lb body wt 50 PDso (.8 ml (meningitis ) 
20 test Olan) 5 ml immune serum of 10-3 dilu- 4/20 4/16 14 


per lb body wt 


tion of Lansing (3 meningitis, 
cord pool #9) 


1 diarrhea) 


minimum level in vaccinated animals to be 
associated~with resistance to cerebral chal- 
lenge; our preliminary experiments suggested 
that such a level could be achieved by paren- 
teral administration of gamma globulin or 
immune serum of high titer. 

Protection experiments in monkeys. In these 
experiments monkeys were assigned to the 
test and control groups at random. ‘The 
prophylactic agent or normal control serum 
was given intramuscularly. Both test and 
control groups were challenged thalamically 
with Lansing,.virus on the day after serum 
inoculation, and were observed daily for a 
period of 6 weeks or until the onset of paraly- 
sis. Animals were killed only when there was 
obviously no hope of recovery; and histologic 
examination was performed on all test animals, 
and on control animals if the diagnosis ap- 
peared doubtful. Rectal temperatures were 
recorded daily on the test animals, and small 
samples of blood were taken for antibody 
study, from both test and control animals, 4 
days after injection of the gamma globulin or 
serum, and at weekly intervals for 6 weeks. 

Exp. 1. Thirty monkeys were used in this 
experiment. Ten animals in the control group 


received no injection of gamma globulin, 10 
animals in the test group received 5 ml, and 
another 10 animals 25 ml of gamma globulin 
intravenously on the day before thalamic 
challenge with 160 PD; 9 of Lansing virus. 
The results of this experiment are recorded in 
Table III, from which it will be seen that all 
10 controls succumbed to poliomyelitis. Two 
of 19 animals injected with gamma globulin 
failed to develop paralysis, and as one para- 
lyzed monkey in the test group receiving 5 
ml survived for 6 weeks, 3 of 19 monkeys in 
the test groups escaped a fatal paralysis. 

Exp. 2. In this experiment, 20 control and 
20 test animals were used, the former receiving 
5 ml of normal monkey serum per pound body 
weight, and the latter immune monkey serum 
(titer 4.5) in the same dosage. All monkeys 
were challenged the following day with 50 
PDs5o of Lansing virus. Table IV shows the 
results of this experiment. It will be noted 
that 18 out of 19 control monkeys contracted 
poliomyelitis, whereas only 4 out of 16 test 
animals did so; there was also a striking con- 
trast in the average incubation periods of the 
2 groups. Twelve animals in the test group 
remained healthy for 6 weeks and histologic 
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TABLE Y¥. 


Passive Prorecrion oF Ruxsus 


MonkEYS 


Passive Protection Experiment with Immune Monkey Serum Tntramusenlarly 


(Experiment 3), 


Monkey serum 


Deaths 


adnan, intramese, Challenge from eanses 
No, of Avg wt of day before Inoerhum other than Poliomy- Avg ineuba: 
aninals monkeys challenge (tha amie) poliomyelitis — elitis rate tion days > 
QO control 91k, Loos J mi normal serum 0/20 20/20 5.9 
car node 
per th body wt 100 PDgg (8. 
20 test $ 3B Sm imamane servma af LOS ail. 2/20 3/18 17.3 


per Ib body wt 


examination revealed no poliomyelitis, The 
survival of 12 out of 16 monkeys points to a 
high degree of protection (75%) afforded by 
the high titer homologous immune serum, 
Even if it is assumed that the 4 animals dying 
from other causes might have acquired polio- 
myelitis if they had survived long enough to 
become infected, the survival rate is still 12 
out of 20 (60%). 

Exp. 3. The design of this experiment was 
identical with that of Experiment 2, except 
that an immune serum pool of slightly lower 
titer was employed (3.86) and 3 ml per pound 
of body weight were given. A slightly greater 
challenge (100 PDs9) was employed. The 
results are recorded in Table V, where it will 


be seen that all 20 control animals developed _ 


poliomyelitis while only 3 of 18 test animals 
contracted the infection, There is again a 
marked difference in the average incubation 
periods in the 2 groups. Fifteen out of 1S 
test animals survived for 6 weeks, and histo- 
logic examination revealed no evidence of 
poliomyelitis infection. 

Neutralization tests are at present being 
carried out on the sera obtained in Exp, 2 
and 3 in order to correlate resistance to cere- 
bral challenge with serum antibody level. The 
results of these tests will be reported separate- 
ly, 


tion of cord 
pool #9) 


(1 trawna, 1 
brain abscess) 


Summery, 1, Lansing virus serum antibody, 
titers in the range of 10° to 10°" can be 
achieved in monkeys shortly after the adminis- 
tration of gamma globulin intramuscularly or 
intravenously, 2, Gamma globulin injected 
intravenously failed to protect a significant 
number of monkeys against an intracerebral 
challenge of 160 PDs 9 of Lansing virus. 3. 
In 2 further experiments, the majority of 
monkeys receiving high titer immune monkey 
serum were protected against an intracere- 
bral challenge of 50 and 100 PDs» of Lansing 
virus respectively. In one experiment only 
4/16 test animals became paralyzed as com- 
pared to 18/19 controls. In the other experi- 
ment 3/18 test animals developed poliomye- 
litis as compared to all of 20 controls. 
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Electrophoretic Studies on Serum and Plasma of Control and Vitamin 


. Deficient Monkeys.” 


(19401) 


Louts D, GREENBERG, Urs J. P. Horssty,! Ropert Brooks, AND JAMus I, RINEHART, 


From the Division of Pathology, University of California School of Medicine, San Francisco. 


In connection with the study of various 
vitamin deficiencies in rhesus monkeys, we 
investigated the serum proteins of these ani- 
mals, both by electrophoretic and by chemical 
means. It was believed that fundamental 
work of this nature employing highly purified 
diets with controlled intakes of the vitamins 
might be of value in interpreting abnormalities 
observed in the electrophoretic patterns of 
humans. 

Electrophoretic analysis of plasma or serum 
of monkeys has been investigated in a few 
animals by Deutsch and Goodloe(1), and by 
Moore(2). Monkey plasma was shown by 
Deutsch e¢ al. to contain, in addition to al- 
bumin and fibrinogen, three alpha globulin 
components and a component with a mobility 
greater than that of albumin which they have 
designated as “f”, This component has been 
observed frequently in the patterns to be de- 
scribed in this paper. 

Analyses have been carried out on one or 
more samples of serum or plasma from a large 
series of animals, including controls and mon- 
keys subjected to various vitamin deficient 
regimens. 


Experimental. ‘The rhesus monkeys were, 
in most instances, young animals weighing 1.5 
to 3.0 kg when they were purchased, In 
Table I are listed the composition of the basal 
diets and the supplements employed. ‘The 
methods of handling and feeding the animals 
have been described(3), Deficiency was in- 
duced by omission of the appropriate vitamin 
from the supplement. Blood was usually 
drawn in the morning before the day’s food 
ration was introduced into the cage. When 
plasma was desired, Wintrobe oxalate mixture 
was employed as anticoagulant. The serum 


* Aided by grants from the American Cancer 
Society and the National Heart Institute of the 
U.S. Public Health Service. 

+ Present address, University of Utah School of 
Medicine, Salt Lake City, 


TABLE [, Composition of Basal Diets, 


Y Diet” oy 
Constituents (8) (HIP) (MF) (AP) 
Casein 18 a6 18 
a protein of soy benns 18 
Powdered sucrose 73 Hh 59 73 
Gorn oil 2 2 2 g 
ILydrogenated cotton 6 
seed oll (Criseo) 
Salts (llawk & Oser ) 4 4 i 4 


Methionine 


"(S) Standard; (HP) Wigh protein; (ME) 
Moderate fat; (AVP) «a protein, 
Supplements: A daily vitamin tablet containing 


Niaein 6 mp, riboflavin 1 mg, thiamine chloride 


me, caleium pantothenate & mpg, choline dibydro 


gen citrate 100 mg, Paba 100 mp, inositol 100 mg, 
ascorbic acid 25 mpg, pteroyl glutamie acid 110 ¥, 
biotin 10 y, Pyridoxine JICL was administered daily 
or twice weekly in doses equivalent to 1 mg daily. 
In addition each animal received by mouth once a 
week 10 drops of vitamin A and D concentrate 
(100000 T.U, vit. Ay 10000 L.U. vit, D) and 5 drops 
mixed natural tocopherols, Choline deficient and 
control animals on diet AP received 3.5 y vit. Byy 
per os twiee weekly, Choline deficient animals re 
ceived no methionine, 


or plasma was separated by centrifugation and 
diluted with 2 to 3 volumes of sodium citrate- 
veronal buffer(1) (pH 8.6, u = 0.1), depend- 
ing upon the protein concentration. The di- 
luted samples wére dialyzed according to the 
method of Reiner and Fenichel(4) for a 
period of 2 hours at room temperature with 
one change of buffer at the end of the first 
hour. ‘The electrophoretic technic of Longs- 
worth(5) was followed using a microcell of 
2 ml capacity whose use has already been de- 
scribed by Ross et al.(6), and by Cohen and 
associates(7). Electrophoresis was carried 
out at 2 to 3°, generally with a constant 
current of 7 to 8 ma. and a field strength of 
9 volts per cm, for periods varying from 3000 
to 6780 sec., depending on the time required 
to give maximum development of the pattern. 
The patterns were photographed by the scan- 
ning method of Longsworth(8), and the areas 
of the peaks were estimated by the method of 
Tiselius and Kabat(9). Because of their 
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greater sharpness, the ascending patterns were 
used for all calculations. Total protein, al- 
bumin and globulin were determined chem- 
ically by the biuret method as modified by 
Wolfson eé e/.(10) with the exception that the 
globulin was precipitated by 269% Na2SOx 
(11). 

Results. Data onthe nutritional status, 
diet, duration on the regimen along with the 
comparative results of chemical and electro- 
phoretic analyses of the serum or plasma pro- 
teins of a part of the monkeys studied are 
given in Tables IT and HI. Table Il sum- 
marizes data on control and Table HI on 
vitamin-deficient monkeys. A serum pattern 
of a control and of a vit. Bg-deficient monkey 
are given in Fig. 1 and 2. The electrophoretic 
values of the individual components are given 
as relative concentrations which are expressed 
in percent of the total area. The electro- 
phoretic mobilities of the plasma or serum 
components of a group of control and deficient 
monkeys are given in Table IV. The relative 
concentrations of the various components of 
serum or plasma vary considerably in indi- 
vidual control animals. However, the values 
are Similar to those observed by Deutsch and 
Goodloe(1). The component “f’ described 
by the latter has been found in the patterns 
of the majority of the monkeys studied and 
its presence or absence is indicated by (+) 
or (—) im the tables. It is possible that this 
component occurs in all monkey patterns but 
may have been obscured in a number of in- 
stances. An average value of 1% oi the total 
proteins has been obtained for this fraction. 
This value is approximately twice that re- 
ported by Deutsch ef al. 

In the case of control monkeys maintained 
on diet S, the average electrophoretic mobili- 
ties of the gamma globulin and © are higher, 
and those of the remaining components are 
lower than the corresponding values reported 
by Deutsch and Goodloe(1). Since measure- 
ments of mobility are not in general ex- 
tremely precise, no great significance is at- 
tached to these differences. The mobility of 
the “i” component was not calculated. 

Effect of vit. Bs deficiency. With the ex- 
ception of one animal (No. 16), all monkeys 
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FIG, 1. Ascending pattern—control serum. 


FIG, 2. Ascending pattern—vitamin Bg deficient 


serum, 


on diet S which were deprived of vitamin Bs 
showed marked lowering of the albumin, but 
an increase in the gamma globulin concentra- 
tion was observed in all. Lowered albumin 
and increased total globulin are also evident in 
the chemical data. Gamma globulin values 
as high as 52% have been observed. Since 
gamma globulin has been shown to be related 
to liver damage(12-15) and a number of these 
monkeys were found to have had marked liver 
injury, this was not entirely unanticipated. 
Deficient animals which have come to autopsy 
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and in which liver damage was evident are in- 
dicated in the last column of Table III. A 
few animals also exhibited a significant in- 
crease in beta globulin. Significant increases 
in the gamma-globulin component were also 
evident in the majority of animals receiving a 
lowered intake of the vitamin. The mobilities 
of the serum components do not appear to be 
influenced by either partial or total depriva- 
tion of vit. Beg. 

Effect of cholesterol feeding. Cholesterol 
feeding to control monkeys results in a sig- 
nificant increase in the alpha-3 component 
(Nos. 38 and 21). One animal receiving the 
high protein diet (HP) also exhibited an in- 
crease in this component. Increase in the beta 
component of serum of the rabbit as a result 
of cholesterol feeding has been reported by 
Fishberg et al.(16). Two animals (Nos. 36 
and 37) subjected to a low intake of pyri- 
doxine while on a moderate fat diet contain- 
ing cholesterol showed, in addition to the in- 
crease in the alpha-3 component, a lowering 
of the albumin and an increase in the gamma 
globulin. 

Low choline diet. Only 2 animals (Nos. 26 
and 27) were followed on this diet (AP). In 
comparison with the one control animal (No. 
31) on this diet, both exhibited significant 
decreases in albumin and increases in the 
beta-globulin components. In addition, mon- 
key 26 was found to have an increased con- 
centration of the gamma component, while 
No. 27 also showed a significant rise in the 
alpha-1 plus alpha-2 components. 


Low niacin-low By diet. Although 2 ani- 
mals were maintained on a diet lacking in both 
niacin and vit. By. for a period of over 21 
months these monkeys did not exhibit any 
obvious manifestation of either deficiency. 
These animals (Nos. 28 and 29) are listed in 
Table III merely as niacin deficient. In 
comparison with the serum of their control 
animal (No. 31) the sera of the 2 monkeys 
maintained on this diet were observed to have 
a lowered albumin and an increased concen- 
tration of gamma globulin. 

Ascorbic acid deficiency. No significant 
alterations were observed in the serum protein 
patterns of 4 monkeys (Nos. 59 to 62) who 
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TABLE IV. Electrophoretic Mobilities of Serum or Plasma Proteins of Control and Viteimin Deficient 


Monkeys. 
Deficiency (D) ——— Mobilities (CM2/volt sec. x 10-*)-——, 
Animal and Dura- Serumor Albu- 
No. control (C) tion, mo Diet plasma min al 42 43 8 O y 
Avg (18, 40, G S) Ss 5.29 4.67 4.27 3.66 3 1.72 
58, 34) 
51 +6) HP Ss 5.1 4.5 4.05 3.5 2.9 1.5 
21 C S+chol. SS 6:2 5.4 5.05 4,25 el 2.5 
38 Cc MF-+chol. §S 5.3 4.4 4.2 3.8 3.4 2.2 
16 D-B6 32 bs) S 9.2 4.5 4.3 3.6 3.1 1.75 
50 D-B6 1 Ss Ss 4.9 4.05 3.65 2.95 — 2.6 
4l a Ss $8 5.5 4.65 4,2 3.6 aad 1.4 
42 b S =) 5 — 3.9 3.1 2.6 1.05 
42 € s Ss sf == 4.65 4 3.9 2.1 
43 d s ) 5.2 4.6 4.1 3.6 3 155 
22 e Ss 8 5.1 4.35 3.85 3.4 3 1.35 
25 f S+chol Ss 6:2 5.4 4.85 4.3 3.8 2.15 
25 g S+chol Ss Du 4.3 4.05 3.4 5) 1.45 
37 h MP-+chol. S 5.9 — 5.15 4.5 3.5 1.75 
26 D-choline 31% 1G Bs S Bea 4.75 44 3.9 3.5 2.06 
28 D-niacin 17% AP s 5.4 4.6 4.4 3.7 3.39 hg 
pl Cc AP S 5.15 4.25 4.1 3.4 2.75 1.5 
O77 C 8 tay 4,9 4.3 3.85 3.7 2.8 2 1.35 
58 Cr Ss iP 5.25 4.55 4.1 3.6 3 Rao "2, 
Avg (97,58) 5.07, 4.42.-" 3.97)" “B65? "2:90 BF 1.67 
59 i S P 5.9 Soo | ty 4 3.39 == 2:3 
60 j Ss P 5.7 5.05 4.55 3.9 3.9 2.6 1.8 
61 k Ss 12, 6.25 5.3 4.45 415 3.25 2.35 
62 1 SS be 6.15 5.6 5.3 4.45 4.05 3.3 2.75 
Avg 6 Be Ob 22 316 95.05 as 
a No BG; 2 mo, 10 y/kg 15 mo g Same as f except 125 » B6 for 25% mo 
b 154 h No B6; 2 mo, 10 y/kg 15 mo 
€ 17% i D—Ascorbie acid 244 mo; 1 mg 20 days 
d 15%4 ich 11 
e 250 y BG, 91% mo; 125 y B6, 9%4 mo; 60 7 B6, 15144 mo Kk. D== 19 
f 2454 mo i D— 21 


were investigated during the early stages of 
chronic scurvy, 7.e., 244 to 234 months of 
complete deficiency followed by a daily sup- 
plement of 1 mg of ascorbic acid for 11 to 21 
days. There appeared to be some increase 
in the mobility of the various components in 
the scorbutic animals (Table IV). However, 
this requires further study. 

Discussion. Numerous publications(12-15) 
have reported hypoalbuminemia and _hyper- 
globulinemia (primarily of the gamma com- 
ponent) as the characteristic alteration of the 
serum proteins in chronic liver disease. Since 
generally one observes various degrees of liver 
damage ranging from mild fatty infiltration 
to marked cirrhosis in the vit. Bg deficient 
monkey, it is not surprising that hypoal- 
buminemia and marked hyper-gamma-globu- 
linemia occur. It is quite possible that the 
hypoalbuminemia is the result of interference 


with albumin synthesis, since there is consid- 
erable evidence which indicates that vit. Bg 
plays an important role in metabolism of pro- 
teins and amino acids. Previous experiments 
on malnutrition in humans(17,18) and in 
animals(19) have been offered as evidence 
(15) that malnutrition is not responsible for 
the rise in gamma globulin in chronic liver 
disease. These observations have dealt mainly 
with protein underfeeding or depletion. Since 
vit. Bg deficiency in the monkey. is a rather 
slowly progressing and debilitating disease and 
is similar in many respects to a state of 
chronic malnutrition, the former could be 
classified as a specific type of chronic mal- 
nutrition. On this basis the present work 
affords evidence that this specific type of mal- 
nutrition (vit. Bg deficiency) may bring about 
a marked increase in gamma globulin. Some 
evidence is also reported which indicates that 
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hypoalbuminemia and hyper-gammaglobulin- 
emia may also occur in other vitamin de- 
ficiencies, such as niacin. 


Summary. The plasma or serum proteins 
of rhesus monkeys maintained on various 
vitamin deficient diets were studied by chem- 
ical and by electrophoretic analysis. Partial 
or complete deficiency of vit. Bs resulted in 
hypoalbuminemia and a significant increase in 
the gamma globulin component. On a niacin 
deficient diet 2 monkeys developed a lowered 
albumin and an increase in the gamma glob- 
ulin. A low choline diet led to a decrease in 
the albumin and to an increase in the beta 
globulin. The addition of 1% cholesterol to 
the diet of control or vit. Bg deficient monkeys 
produced a significant increase in the alpha-3 
component. The electrophoretic composition 
of the plasma did not appear to be altered by 
a state of early chronic scurvy. The mobilities 
of the plasma components appeared to be in- 
creased by an ascorbic acid deficient diet but 
were unaffected by the other regimens. 


We are grateful to Lederle & Co., Pearl River, 
N. ¥., for supplies of Folacin and to Squibb and 
Co. for vit. Bj». 
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Effects of Purine and Pyrimidine Analogues on Development of 


Rana pipiens 


(19402) 


S. Breper, R. F. NIGRELLI, AND G. H. HITCHINGSs. 


From ihe Department of Biology, Washington Square College, New York University, The New York 
Zoological Society and The Wellceme Research Laboratories, Tuckahoe, N. Y. 


Analogues of the purine and pyrimidine 
constituents of the nucleic acids have been 
found to have a variety of biological effects 
which may be ascribed to various types and 
degrees of interference with the biosynthesis 
of nucleic acids and related compounds(1). 

The desirability of testing such antimetab- 
olites on a variety of biological species and 


systems has previously been mentioned(1) 
for such studies contribute both to the com- 
parative biochemistry of nucleic acid me- 
tabolism and to the knowledge of the mode of 
action of the antimetabolites. The present 
report is concerned primarily with an extension 
of the antimetabolite studies to the problems 
of chemical embryology. Although the effects 


ANALOGUES AND EMBRYONIC DEVELOPMENT 


431 


TABLE I. Inhibition of Development of Rana pipiens by Purine and Pyrimidine Analogues. 


Earliest stage Min effective 


Substance inhibited cone., mg/100 ml 

8-Azaadenine 8 7.5 
6-Mercaptopurine : 8-9 20 
5- (2’, 4’-Dichlorophenoxy ) -4-hydroxy-2-mercaptopyrimidine 8 5 
2-Amino-5- (4’-chlorophenoxy ) -4-hydroxypyrimidine 8-9 10 

5- (4’-Chloropheny]) -2,4-diaminopyrimidine 12-13 2.5 
5-(4’-Chloropheny1) -2,4-diamino-6-ethylpyrimidine 14-15 f 5 
2,4-Diamino-5-(3',4'-dichlorophenyl) pyrimidine 20 10 
6-Amyl1-5- (4'-chloropheny1) -2,4-diaminopyrimidine 23 10 
5- (4’-Chlorophenoxy ) -2,4-diaminopyrimidine 13 10 
5- (4'-Chlorophenoxy ) -2,4-diamino-6-methylpyrimidine 14 10 
_2,4-Diamino-5-phenoxypyrimidine 16-17 10 
5- (3'4/-Dichlorophenoxy ) -2,4-diaminopyrimidine 21 10 
5-Benzyl-2,4-diamino-6-methylpyrimidine 14-15 20 
5- (4’-Chlorobenzy1) -2,4-diamino-6-methylpyrimidine 17-18 20 
2,4-Diamino-5- (4/-nitrobenzy1) -6-methylpyrimidine 21 20 
2,4-Diamino-5- (3’,4’-dimethoxybenzyl) pyrimidine 21 20 
4-Amino-pteroylglutamic acid (Aminopterin) 12-13 25 
8-Azaguanine 25+ 10 
5-Nitrouracil 25+ 10 
5-Bromouracil 25+ 10 
5-Hydroxyuracil 25+ 10 
2,4-Diamino-5,6-dimethylpyrimidine 23+ 20 
2,6-Diaminopurine 25+ 50 
Xanthopterin . 50 
2 15 


2,4-Diamino-6,7-dimethylpteridine 


* Not inhibitory at concentrations tested. 


of some antimetabolites on the development 
of the chick have been studied, except for a 
brief attempt by Brachet(2) and a more 
recent preliminary report(3) amphibia have 
not been utilized for such studies. The am- 
phibian egg lends itself readily to experimental 
and biochemical observations on early mor- 
phogenesis. The present investigation is con- 
cerned with the development of Rana pipiens 
embryos from fertilization to Shumway stage 
25(4). 

Methods. Eggs were obtained from female 
Rana pipiens by induced ovulation and were 
fertilized by a suspension of macerated frog 
testes in spring water. The twenty-five an- 
alogues were tested by immersing embryos 
chosen at the two cell stage in eight different 
concentrations of the compound (in the range 
of 1 to 25 mg per 100 ml) made up in spring 
water. Fifty embryos, 25 per finger bowl, 
were used for each concentration.. The bowls 
were kept in an incubating refrigerator at 
18-19°C during the course of the experiment. 
Readings of the developmental progress were 
taken at regular intervals and compared with 
those of appropriate controls. 


The results are expressed in Table I in 
terms of the earliest stage of development 
which is inhibited by the analogue and the 
minimal effective concentration to produce 
complete inhibition at this point. At lower 
concentrations the development is inhibited 
at critical stages (8,9,12,13,15,16,20-23) but 
eventually passes through each stage, and be- 
tween critical points development proceeds at 
essentially a normal rate even in the presence 
of the inhibitor. Thus certain substances 
which inhibit at an early stage may, at low 
concentrations, show retardation of develop- 
ment at several rather specific stages. In 
general it may be stated that the substances 
affecting the earliest stages of development are 
those which are found to affect purine me- 
tabolism primarily, in microbiological studies 
(5); those which inhibit at neurulation are, 
in general, antagonists of folic acid or citro- 
vorum factor in the microbiological system 
(6,7). Embryos demonstrating inhibition at 
the later periods of development possess ab- 
normalities such as reduction of head struc- 
tures, failure to hatch, abnormal gill and 
opercular development, reduction in embryo 
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size and other abnormalities indicative of 
interference with normal development. 

The results of a more complete study under 
way(8), including histological, histochemical 
and reversal attempts, support the view that 
these effects reflect the interference with purine 
and pyrimidine utilization by the embryo 
rather than being due to generalized toxic re- 
action. 
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A Technic for Determination of Adrenocorticotrophin in Blood.* (19403) 


KATHERINE L. SyDNOR AND GEORGE SAYERS. 
(With technical assistance of Lurrine Burgess, Pearl Ofgreen, and Marva Jean Tobler.) 


From the Department of Pharmacology, University of Utah College of Medicine, 
Salt Lake City, Utah. 


The oxycellulose technic of Astwood e# al. 
(1) for the isolation of adrenocorticotrophin 
(ACTH) from pituitary has been successfully 
adapted to the quantitative analysis of ACTH 
in rat blood. 

Methods. Collection of blood. Male rats 
of the Sprague-Dawley strain, weighing 150 
to 300 g, were employed. Each rat was anes- 
thetized with ether and bled from the ab- 
dominal aorta into a heparinized syringe. 
Four volumes of glacial acetic acid were imme- 
diately added to the sample and the mixture 
was thoroughly stirred. Pools of blood-glacial 
acetic acid mixtures were processed for ACTH 
as described below. 

Technic for concentration of blood ACTH. 
1) The mixture of blood and glacial acetic 
acid is gently stirred at 70-75°C for 30 min- 
utes in a water bath and then transferred to 
a large pyrex cylinder. 2) To each ml of 
the above mixture are added 13.0 ml distilled 


*This investigation was supported by research 
grants from the American Cancer Society, recom- 
mended by the Committee of Growth of the National 
Research Council, and from the Medical Research 
and Development Board, Office of the Surgeon 
General, Department of the Army. 


water with constant stirring. 3) 0.1 g Hyflo- 
Super-cel per ml of blood is stirred into the 
mixture which is then allowed to stand for 24 
hours. The Super-cel settles to the bottom 
of the cylinder. 4) The supernatant is si- 
phoned into a pyrex cylinder for further 
processing; the Super-cel is discarded. 3) A 
slurry of prepared* oxycellulose? (0.04 g per 
ml blood) is added to the supernatant with 
continuous stirring; stirring is continued for 
24 hours to allow for complete “adsorption” of 
ACTH on oxycellulose. 6) The- oxycellulose 
is now allowed to settle for 24 hours. 7) The 
supernatant is siphoned off and discarded; the 
oxycellulose is collected on a course, sintered- 
glass funnel and washed with 30-ml quantities 
of 0.1 N acetic acid until the washings are 


+A weighed amount of oxycellulose is washed 
into a sintered-glass funnel with three 25-ml quan- 
tities of 0.1 N acetic acid, then washed successively 
with 25 ml distilled water, 25 ml 0.1 N HCl, 25 ml 
distilled water and, finally, with three 25-ml quanti- 
ties 0.1 N acetic acid. A slurry of the washed 
oxycellulose is prepared with 15 to 30 ml 0.1 N acetic 
acid. 

+ Samples of oxidized cellulose (11-12% COOH) 
were generously supplied by the Research Labora- 
tories, Tennessee Eastman Co. 
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colorless. 8) ACTH is now eluted from the 
oxycellulose with 0.1 N HCl. The oxycellulose 
is washed into a beaker with an appropriate 
volume of 0.1 N HCl. The slurry is stirred 
frequently for one hour and then filtered by 
gravity or by gentle suction on the sintered- 
glass funnel. Two additional elutions are 
carried out and the eluates are combined. The 
minimum volume of 0.1 N HCl to make a 
slurry of workable consistency in the first elu- 
tion is 15 ml per 4 g of oxycellulose. The 
volume of 0.1 N HCl used in the second and 
third elutions is determined by the dose to be 
injected into the assay rat. For example, 
if 100 ml blood are processed and the oxycel- 
lulose is eluted initially with 15 ml and then 


eluted twice with 5-ml quantities of 0.1 N 


HCl, each ml of combined eluate is equivalent 
to approximately 4 ml blood. 


Method of assay. ACTH was assayed in 
hypophysectomized male rats by the adrenal 
ascorbic acid-depletion method previously re- 
ported from this laboratory(2). Unknown 
samples were compared with freshly prepared 
solutions of U.S.P. Standard ACTH in every 
assay. Results are expressed in U.S.P. milli- 
units (mu) of ACTH. One mu is one thou- 
sandth of a U.S.P. Unit of ACTH which is 
defined as the activity of one mg of the Inter- 
national Standard ACTH (La-1-A). 

Results. Hypophysectomized rat blood. 
Three separate pools of blood obtained from 
rats hypophysectomized 24 hours prior to 
bleeding were assayed for ACTH. No sig- 
nificant ascorbic acid depletion occurred when 
a dose$ of eluate equivalent to 18 ml hypo- 
physectomized rat blood was administered to 
the test animal. (Table I, Assays 1 and 2.) 

Recovery of exogenous ACTH from hypo- 
physectomized rat blood. A pool of blood 
was collected from rats 24 hours after hypo- 
physectomy. Fifty U.S.P. mu of Standard 
ACTH were added to the blood immediately 
prior to processing. The eluate was diluted 
with 0.01 N HCI so that the administered dose 
contained 1.0, 0.5, or 0.25 mu of added 
ACTH. The results (Table I, Assay 1) in- 
dicate that 82 + 12% of the added hormone 


§ Doses represent quantity administered per 1 
g body weight of assay rat. z 


ACTH 
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was recovered, 

Recovery of endogenous ACTH from adren- 
alectomized rat blood. The work of Gemzell 
et al.(3). demonstrated that plasma from 
adrenalectomized rats has a high concentra- 
tion of ACTH. Preliminary studies employing 
the oxycellulose technic confirmed this obser- 
vation and indicated that it would be possible 
to analyze the blood of adrenalectomized rats 
for ACTH without concentration. A com- 
parison has been made of the estimate of 
blood ACTH of adrenalectomized rats by di- 
rect transfusion with that obtained by the 
oxycellulose technic. 

Oxycellulose technic. Male rats weighing 
150 to 300 g were bilaterally adrenalectomized 
and given a solution of 0.9% sodium chloride 
to drink. One week after adrenalectomy blood 
was collected and processed as described 
above. The equivalents of 12, 6, 3 and 0.75 
ml of blood were administered to the test 
animals. The results of 2 assays (No. 2 and 
No. 3) indicate that each 100 ml of blood 
from these adrenalectomized rats contains 
12.0 + 2.5 mu and 10.3 + 2.0 mu of ACTH, 
respectively. 


Transfusion. Male rats, bilaterally adrenal- 
ectomized and maintained as described above, 
served as donors. In these experiments blood 
was not pooled; each test animal received 
blood from a single adrenalectomized donor. 
Immediately after the sample was obtained, 
a dose of 1.5, 3, 5 or 6 ml was injected via 
the saphenous vein of the hypophysectomized 
test animal. The results (Table I, Assays 
No. 3, 4 and No. 5) indicate that each 100 
ml of blood from adrenalectomized rats con- 
tains about 15 mu of ACTH. Comparison of 
the value obtained by direct transfusion with 
that obtained by the oxycellulose technic sug- 
gests that the method recovers at least 70% 
of blood ACTH. The fact that transfusion of 
a dose of 6 ml of hypophysectomized rat blood 
into the test animal (Assay 5) induced no 
depletion of adrenal ascorbic acid eliminates 
the possibility that a large volume of blood 
per se produces a false positive response in the 
method of assay for ACTH. 


Recovery of endogenous ACTH from intact 
rat blood. Two separate pools of blood were 
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TABLET. Assay Blood ACTH. 
Response, 
mg ascorbic acid/100 g adrenal Estimate of ACTH 
Assay Dose/100 g —-. recovery or potency 
No. Sample assay rat Individual Avg with S.E. 
1 U.S.P. Std ACTH 1 mu _ 94, 132,178, 114, 164, 139, 133 
102, 138 
5 72,131, 56,129, 117,119,146 110 
25 36, 21, 52, 34, 77, 83, 84, 35 53 
Hypox blood #1 (4 g oxy- Sy mlls = 16; ho, =o) -13 | 
cel./100 ml blood) + 0 mu/100 ml* 
Hypox blood #2 (4 g oxy- 18 26, -2, 0 8 | 
cel./100 ml blood) 
Hypox blood + ACTH (4g 1 mu _ 133,131, 136,112, 86, 114, 129%) 
oxycel./100 ml blood) 134, 147 82 +12% recovery 
5 48, 97, 63, 112, 64, 93 86 
25 70, 99, 20, 38, 21, 58, 28, 67 50 
2 U.S.P. Std ACTH 1 148, 204, 128,194, 148, 207 172 
5 47, 135, 106, 170, 129, 93 118 
25 6, 27, 20, 45, 88 37 
Adrenex blood (4 ¢g oxyeel. 12 ml - 177,148, 166, 186 169 | 
/100 ml blood) 54, 97, 72, 67, 129 84 | 12+2.5mu/100 ml 
7d 23, 12, 12, 57, -36, 20, 47 19 
Hypox blood (4 g oxycel./ 18 —8, 5, 22, 26 11 0 mu/100 ml* 
100 ml blood) 
3 U.S.P. Std ACTH 1 mu 199, 212,127, 255,160,171, 182 
173, 157 
5 163, 195, 99, 187, 111, 169, 148 
117, 144 
25 63, 79, 49, 26,84,99,114,121 79 
Adrenex blood (4 g oxyeel. 6 ml 216,138, 190, 150, 208, 195, 173) 
/100 ml blood) 119 ; 10.342 mu/100 ml 
3 126, 166, 135, 127,109,147, 123 | 
55 | 
Adrenex blood (transfused) 5 159 159 | 
3 161, 69, 75, 90, 55, 138, 98, 112 + 8to17 mu/100 ml 
102,179, 149 | 
4 U.S.P. Std ACTH 1 mu_= 148,156, 138,133,124,127, 140 
140, 155 
5 143, 100, 86, 107, 121, 95 109 
25 63, 36, 47, 32, 31, 35 41 
Adrenex blood (transfused) 6 ml 99, 74,123, 109, 144,109, 132 | 
*' 182, 105, 198, 173 16.1-42.1 mu/ 
3 96, 74,129, 108, 95,115,103 103 | 100ml 
5 .U.S.P. Std ACTH 1 mu_= 204,104,175, 79, 138, 185, 148 
151 
5 105, 138, 161, 126, 86, 145 © 127 
25 90, 138, 135, 55, 77, 37, 77 7 
Hypox blood (transfused) 6 ml  -41,1,-34,17,1 -l11 0mu/100 ml* 
Adrenex ’’ BS 6 127, 165, 105,163, 170,103, - 137 )- 
127 + 14+4.3 mu/100 ml 
3 113, 82, 114, 138, 101 110 
1.5 50, 110, 91, 140 98 
6 U.S.P. Std ACTH 1 mu_ 68,163, 159, 98,176 138 
25 36, 87, 46, 47, 62, 56 56 
Intact blood #1 (4 g oxy- 12 ml _ 60, 60, 67, 56, 58 60 12.1 + .6 mu/ 
cel./100 ml blood) 19;.17,.4, 06,12 7 100 ml 
Intact blood #2 (4 g oxy- 12 1038, 82, 86, 52 81 12.9 + .8 mu/ 
cel./100 ml blood) 6 15, 43, 47, 3, 15 25 § 100ml 
7 US.P. Std ACTH 1 mu. 195,118, 145, 112, 140, 110 137 
ae 71, 123, 60, 82, 149 97 
.25 25,19, 35, 25, 33 27 
Adrenex blood (2 g oxyeel. 6 ml 72,124, 56,140 98. lla = 2-2mu/ 
/100 ml blood) 3 105, 59, 70, 73, 21 66 100 ml 
Same but .2 g 6 24,17, 54,11, 4,19 22 ) < 25% recov- 
3 —31, —4, -24, -37 —24 ery it 
Same but .02 g 6 25, 12,—1, -50, 0, 39 4) < 25% recoy- 
3 —7, -98' 90 83) 5-16 -14 ery*t 


* Estimate made without analysis of error. 


t Assuming 2 g oxycellulose recovers 100%. 


corded in Table I, Assay 6. 
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collected and processed. The eluate of each 
pool was administered in doses equivalent to 
6 and 12 ml of blood. The results are re- 
The responses 
obtained for the two pools are in excellent 
agreement. Statistical analysis indicates that 
intact rat blood obtained by acute exsanguina- 
tion contains 2 to 3 mu ACTH per 100 ml. 


Recovery of endogenous ACTH from 
adrenalectomized rat blood with various quan- 
tities of oxycellulose. In the experiments re- 
ported above, 4.0 g oxycellulose were added 
to each 100 ml blood. The results of Assay 
7 indicate that 2.0 g oxycellulose per 100 ml 
blood are as effective as 4.0 g in recovering 
blood ACTH (cf. potency adrenalectomized 
rat blood as determined by Assays 2 and 3 
with potency as determined by Assay 7). 
However, quantities of 0.2 and 0.02 g are 
obviously insufficient. 


Discussion. The adrenal ascorbic acid-de- 
pletion technic is not sensitive enough un- 
equivocally to detect ACTH in unconcentrated 
blood of normal man or rat. Taylor et al.(4) 
did not find any significant depletion of 
adrenal ascorbic acid of the hypophysectom- 
ized rat after the administration of 2 to 3 
ml of serum from normal man and from pa- 
tients with Cushing’s syndrome. In this 
laboratory (Richards) (5), 4 to 6 ml of blood 
obtained from the abdominal aorta of the 
intact rat failed to induce a significant deple- 
tion of adrenal ascorbic acid. Taylor et al.(4) 
have presented data which suggest that 2 to 
3 ml of serum from individuals with adreno- 
cortical insufficiency contain a detectable 
quantity of ACTH. It is apparent that bio- 
logical activity must be concentrated in order 


to determine with accuracy the quantity of 


ACTH in blood. Cooke e¢ al.(6) and Born- 
stein and Trewhella(7) have described tech- 
nics: for concentration of biological activity 
in plasma. However, they did not present 
experimental data to indicate. the specificity 
or the quantitative recovery to be expected 
from these methods. Gemzell et al.(3) have 
claimed, without presentation of data, that 
an acid-acetone technic will “quantitatively 
recover ACTH from rat plasma. In this 
laboratory, the acid-acetone technic has not 
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been reproducible and has not yielded quanti- 
tative recovery of blood ACTH. Moreover, 
toxicity of acid-acetone concentrates of plasma 
and, especially, of blood is a decided dis- 
advantage of this method. 

The oxycellulose technic as described above ° 
satisfies the following criteria for a sound 
method for the determination of ACTH in 
blood. It appears to be specific for ACTH, 
as demonstrated by the fact that the blood of 
hypophysectomized animals induces no deple- 
tion of adrenal ascorbic acid in the assay rat. 
Experimental studies presented above indicate 
that the method almost completely recovers 
ACTH added to blood. ‘The concentration of 
ACTH in the blood of the adrenalectomized 
rat, as determined by the oxycellulose tech- 
nic, was nearly the same as that determined 
by transfusion of adrenalectomized rat blood 
directly into the test animal. These results 
suggest that the oxycellulose method almost 
completely recovers endogenous ACTH. The 
eluates have caused no toxic reactions in any 
instance. Limited experience to date sug- 
gests that the method is highly reproducible 
and is applicable to other species (dog and 
man!). 

No experimental data are available to 
justify all the steps enumerated under the 
description of technic. The technic as de- 
scribed is essentially that employed by Ast- 
wood et al.(1) for the isolation of ACTH from 
pituitary. Future developmental studies may 
make it possible to simplify the procedure for 
the analysis of blood ACTH. Without re- 
liable information regarding stability of 
ACTH in blood it was deemed advisable to 
mix the sample with glacial acetic acid imme- 
diately after collection. As a routine pro- 
cedure, the glacial acetic acid-blood mixture 
is diluted with water within four hours after 
collection of the sample. 

Blood rather than plasma has been em- 
ployed for two reasons. First, no informa- 
tion is available on the partition of ACTH 
between cellular elements and plasma. Second, 
the time required to separate cells and plasma 


{| Preliminary studies indicate that the blood of 
patients with Addison’s disease has a higher than 
normal concentration of ACTH. 
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may be sufficient for inactivation of blood 
ACT E. 


The experimental results reported here are 
not strictly comparable with those reported 
by Gemzell et al.(3) since the latter analyzed 
blood from the inferior vena cava. Blood from 
the abdominal aorta was employed in the 
present studies. We have confirmed Gemzell 
et al.(3) that blood of the adrenalectomized 
rat has a greater concentration of ACTH than 
normal. However, these investigators were 
unable to detect activity in 448 ml of plasma 
from intact rats, whereas our data indicate 
that 12 ml of blood from these animals in- 
duce a definite depletion of adrenal ascorbic 
acid. 


Summary. 1. The oxycellulose technic for 
isolation of ACTH from pituitary has been 
successfully employed to concentrate and 
quantitatively to measure blood ACTH. The 
method a) appears to be specific for ACTH 
since hypophysectomized rat blood induces 
no adrenal ascorbic acid depletion in the 
assay animal, b) almost completely recovers 
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ACTH added to hypophysectomized rat blood, 
c) almost completely recovers endogenous 
ACTH, d) yields concentrates which are not 
toxic to the assay animal and e) is reproduci- 
ble. 2. It is estimated that rat blood, ob- 
tained by acute exsanguination of intact ani- 
mals, contains 2 to 3 mu ACTH per 100 ml, 
whereas blood obtained under similar con- 
ditions from rats bilaterally adrenalectomized 
for one week contains 10 to 12 mu ACTH per 
100 ml. 
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A New Operative Preparation for Production of Peptic Ulcer in the Dog.* 
(19404) 


LeEsTER R. SauvaceE,t Everett J. Scumitz, Epwarp H. Storer, FRANKLIN P. SMITH, 
EDMUND KANAR, AND HENRY N. HARKINS. 


From the Department of Surgery, University of Washington School of Medicine, Seattle. 


Many data have been obtained by previous 
investigators concerning experimentally in- 
duced acid-peptic ulceration of the stomach 
and juxtapositioned parts of the alimentary 
canal. However, the methods employed to 
produce the ulceration are open to serious 
question. The procedure of duodenal drain- 
age (Mann and Williamson) (1), causes severe 
nutritional difficulties in the dog leading to 
inanition. In addition, it has been shown 
(Storer, Oberhelman, Woodward, and Drag- 


* This work was aided in part by grants from the 
National Institutes of Health, Bethesda, Md., and 
Initiative 171 Research Funds of the State of Wash- 
ington. 

t+ Damon Runyon Fellow, 1950-2. 


stedt) (2), that gastric secretion is greatly 
increased by this procedure. We feel that 
these objections have been satisfactorily over- 
come by our preparations to be described 
below. In the human and in the dog most of 
the secretion of the parietal cells occurs in 
response to neurogenic (vagal) or hormonal 
stimulation, the latter arising mainly from the 
antral mucosa and to a lesser extent from the 
small intestine. Accordingly, it is not physio- 
logic to evaluate experimentally vagotomy or 
antrum resection in the dog when an exo- 
genous stimulus to the parietal cells, as hista- 
mine, is employed. . 

We have devised an alternate method of 
producing experimental peptic ulceration in 


PREPARATION TO PRopUCE PEPTIC ULCER 


diaphragm = * 


antrum—-—--—-— 
pyloromyotomy pea i 


(mucosa bulging through) 


end to end 


gastro - je) unostomy —--7--——— 


‘ end to side 
jejuno-duodenostomy— 


Rent in transverse ———— 
mesocolon with mesentery \ 
of jejunal loop passed through 


f jeyunum——— 


IMG. “1. 


cardio- antrostomy ———— 


zs jeyu 


437 
if Gp eh 


f-——-—vaqus nerves 
-closure of cardta 


\ c spleen 
‘ 
Be 
» : 
(OX. 
sr \ 
4 1 \ K 
“ 
: Cy | 
‘ i 
\S 
y --omentum 
4 YY 
eS Le es ?») J -7F transverse 
7a ae colon 


AE ve 
™Mesocolon 


Ligament of Treitz 


“closure mesentery 


jejunostomy 


A 3-phase total parietal cell pouch drained by a peristaltic jejunal fistula into the 
duodenum. Each of the 3 phases of gastric secretion (vagal, antral, 


and intestinal) are operat- 


ing upon the pouch. 


the dog and have studied the incidence of 
ulceration and average survival time in our 
animals. This method satisfies the following 
criteria for an acceptable ulcer producing 
preparation: 1, It must be a method by which 
ulcers can be produced (preferably rapidly) 
that will parallel as closely as possible peptic 
ulceration in. man without requiring compli- 
cated post-operative care or artificial stimula- 
tion in the test animals. 2. It must permit 
evaluation of therapeutic methods as to their 
effectiveness in preventing peptic ulcers in 
these preparations. 3. When ulcer formation 
has been prevented (by some test procedure), 
the experimental animal must survive in good 
condition for prolonged periods of time. 
Experimental methods. This preparation 
consists of a total parietal cell pouch drained 
by an iso-peristaltic jejunal fistula into the 
second portion of the duodenum. The pro- 
cedure has been performed on healthy adult 


mongrel dogs through a left subcostal incision 
with the dog under nembutal anesthesia. The 
pouch is formed by dividing the stomach 1 cm 
distal to the esophagogastric junction and 
again at the upper border of the antrum. The 
proximal end of the pouch is closed with a 
running serosal suture. A jejunal fistula 15 
cm in length is procured by transecting the 
jejunum at 5 and 20 cm distal to the ligament 
of Treitz. Jejunal continuity is reestablished 
by end-to-end anastomosis. The fistula is 
then made ante-colic or retro-colic and anas- 
tomosed end-to-end to the distal pouch and 
end-to-side to the duodenum. In the 3-phase 
total parietal cell pouch the vagi are preserved 
to the pouch and the antrum is anastomosed ~ 
to the remnant of the cardia attached to the 
esophagus (Fig. 1). In the antral-intestinal 
phase pouch the vagi are divided and the an- 
trum anastomosed to the cardia as in the 3- 
phase pouch. In the cephalic-intestinal phase 
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TABLE I. Influence of Vagotomy, of Antrumectomy, and the Two Combined upon Development of Ul- 
cers in the Dog with a Total Parietal Cell Pouch Drained by a Peristaltic Jejunal Fistula into the 
Duodenum. 


3-phase pouch 
(cephalic, an- 


2-phase pouch 


2-phase pouch 1-phase pouch 


tral, intestinal) (antral, intestinal) (cephalic, intestinal) (intestinal) 
Se v Tan vee is Fay Nees v 
Avg sur- Avg sur- Avg sur- Avg sur- 
% of vival, % of vival, % of vival, % of vival, 
No. total days No. total days No. total days No. total days 
Total dogs 16 100 10 100 9 “100 11. 100 
Dogs still living* 1 6 136 2 20 82 5 56 56 5 45 87 
Dogs dead without 0 0 0 0 0 0 1 I Oe 5 45 37 
uleert 
Dogs dead with ulcer 
Gastric Smeal 9 0 0 0 0 0 0 1 9 33 
Jejunal 9 56 26 8 80 32 3 33 34 0 0 0 
Gastric andjejunal 3 19 21 0 0 0 0 0 0 0 0 0 
Totaldogsdead with 15 94 21 8 80 32 3 33 34 if 9 


uleer 


33 


* Includes dogs living 4 weeks or more after operation. 


be) 2) 9 ) 


t ad 28 diving 2 
pouch the vagi are preserved, but the antrum 
is excised and the cardia anastomosed end-to- 
end to the first portion of the duodenum. In 
the one-phase pouch the antrum is excised and 
the vagi divided; the cardia is anastomosed 
to the duodenum as in the cephalic-intestinal ° 
phase pouch. The esophagogastric sphincteric 
mechanism is preserved by leaving a small 
segment of cardia (usually less than 1 cm) 
attached to the esophagus. Animals in whom 
this was not done frequently suffered from 
continuous post-operative vomiting. Likewise 
in those dogs with the antrum in continuity 
pyloromyotomy greatly reduced post-operative 
vomiting. Retention of food was enhanced 
by an operative approach via the abdomen 
rather than through the chest. The division 
of diaphragmatic fibers about the lower 
esophagus apparently destroyed at least a part 
of the normal sphincteric mechanism. Post- 
operative care of these animals has consisted 
of subcutaneous fluids on the day of operation, 
penicillin for 3 days after operation, water as 
desired, milk on the 3rd day, soft food on the 
4th day, and then general kennel rations as 
tolerated. 

Results. Vomiting has not been a serious 
problem after the dogs have become adjusted 
to eating slowly. The 5 one-phase dogs that 
are still living an average of 87 days after the 
operation have lost an average of 10% of body 
weight. Their stools appear quite normal. 


2) 


without ulcer. 


Most of our dogs dying of causes other than 
ulcer have died of intestinal obstruction due 
to herniation of the small bowel behind the 
mesentery of the jejunal fistula that was 
placed in an ante-colic position. We now 
make all fistulas retro-colic. 

Both fistulous and pouch ulcers have been 
observed, occasionally multiple and in some 
instances both types in the same animal. The 
jejunal ulcers typically have occurred just 
distal to the gastrojejunostomy and have 
varied in size from discrete ulcers 1 cm in 
diameter to large ulcerations extending the 
entire length of the fistula. Death usually 
resulted from generalized peritonitis subse- 
quent to ulcer perforation. These ulcers have 
been of an acute nature on the basis of gross 
pathologic examination when the animal sur- 
vived only a few days and of a more chronic 
nature when the animal survived for longer 
periods. The incidence of ulceration and 
the average survival times of the dogs in the 
4 groups are shown in Table I. 

Discussion. It appears that dogs are less 
severely impaired nutritionally by this. pro- 
cedure than by the Mann-Williamson pro- 
cedure. That the 3-phase pouch is a potent 
ulcerogenic preparation is attested to by the 
fact that 94% of these dogs died with ulcer an 
average of 21 days after operation. Our pre- 
liminary results would seem to indicate that 
antrumectomy in the dog affords greater pro- 
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tection against the development of ulceration 
than does vagotomy. Antrumectomy and 
vagotomy combined appear to give the dog a 
considerable measure of protection against the 
development of ulceration. This method of 
producing peptic ulceration in the dog may 
have certain advantages over the standard 
methods that will render it useful for further 
experimental study of the ulcer problem. 


Summary. 1. A method for production of 
experimental peptic ulcer in dogs is presented. 
Its advantages are reliability, simplicity of 
post-operative care, rapidity of ulcer develop- 
ment, and survival of animals in good nutri- 
tional condition, thus allowing prolonged 


Cation Adsorption by Alginic Acid in Humans.* 
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study in protected animals. The ulcers are 
produced without extraneous stimulation. 2. 
Four groups of animals were studied. The 
effect of vagotomy alone, antrumectomy alone, 
and vagotomy combined with antrumectomy 
are evaluated as to incidence of ulcer and 
period of survival (an indication of the time 
required for development of ulcer). 


1. Mann, F. C., and Williamson, C. S., Ann. Surg., 
1923, v77, 409. 

2. Storer, E. H., Oberhelman, H. A., Woodward, 
E. R., and Dragstedt, L. R., in press. 
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The removal of exogenous sodium from the 
intestinal tract and prevention of its absorp- 
tion into the body by means of cation ex- 
change resins has offered a new therapeutic 
approach to the management of the edematous 
state. In clinical practice, however, the use 

_of these agents has been attended by several 
undesirable effects(1), including unpalati- 
bility, anorexia, fullness, vomiting, constipa- 
tion and the potential hazard of sodium deple- 
tion and acidosis. The search for substances 
with similar clinical promise, but without 
the limitations and disadvantages of the resins 
has led to the investigation of alginic acid. 
It is the purpose of this report to describe 
initial experiences and record laboratory data 
on the cation adsorbing ability of this agent 
in humans. 

Alginic acidt is a water-insoluble amorphous 
solid with marked hydrophilic properties which 
is widely used in the food and pharmaceutical 


* The authors are indebted to the Dietetic Depart- 
ment of the U.S. P. H. S. Hospital, Staten Island, 
N. Y. for the help necessary to carry out this work. 

t+ Supplied through the courtesy of Wallace Labora- 
tories, New Brunswick, N. J. 


industry as a stabilizing, emulsifying and 
thickening agent. Chemically the substance 
is a polymer of anhydro-B-D-mannuronic acid. 
It is extracted from giant kelp (Macrocystis 
pyrifera) and is closely related to cellulose 
and pectic acid. Each anhydromannuronic 
acid residue contains one free carboxyl group 
which is responsible for its theoretical cation 
adsorption capacity of 5.7 meq. per g. In 
vitro studies(2) have shown that sodium 
adsorption by alginic acid is primarily de- 
pendent on hydrogen ion concentration of the 
medium. In unbuffered solutions of sodium 
chloride, alginic acid combined with less than 
1 meq. sodium/g and this was not appreciably 
influenced by changes in sodium concentra- 
tion. During the adsorption process libera- 
tion of hydrogen ion lowered the pH of the 
medium from neutrality to approximately 3. 
However, when equilibrated with sodium ion 
in solutions buffered to approximately physio- 
logical pH of 7.6 the sodium adsorption per 
gram of alginic acid rose to 4.2 meq. These 
in vitro studies suggested that alginic acid had 
cation adsorption capacities similar to syn- 
thetic resins. Feeding experiments in ani- 
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mals indicated the non-toxicity of alginic acid 
derivatives(3). 

Material and methods, Three patients were 
selected for this study whose clinical condition 
warranted sodium restriction. Patient C.K. 
was a 56-year-old white male with severe cir- 
rhosis of the liver and ascites. Patient N.P. 
was a 50-year-old white male with hyper- 
tensive cardiovascular disease, class III C 
(N. Y. Heart Association classification). Pa- 
tient C.N. was a 59-year-old white male with 
arteriosclerotic heart disease and chronic left 
heart failure, class IV, D. A fourth patient 
was selected as a control. This patient, N.Z. 
was a 35-year-old white male with no illness 
other than a Meniere’s syndrome. Full co- 
operation of the patients was secured and de- 
tailed studies were carried out under con- 
trolled conditions in a special unit of the Medi- 
cal Service. Following a 7-day control period 
during which time each patient received a 
diet calculated to contain approximately 500 
mg of sodium per day, this dietary regimen 
was complemented by the addition of 15 g 
of alginic acid 3 times daily for 7 days. In 
3 of these patients this experiment was re- 
peated utilizing a diet containing approxi- 
mately 1500 mg of sodium per day. Total 
24-hour urine volumes were measured daily, 
aliquots were taken and sodium and potassium 
analysis of the pooled specimens was carried 
out every 3 or 4 days with a Perkin-Elmer 
flame photometer. Similarly, all stool speci- 
mens were pooled every 3 or 4 days and 
sodium and potassium determinations were 
done according to the procedure of Eisen- 
menger(4). Most of the determinations were 
performed in duplicate and occasional cross 
checks were made on the same specimen by 
means of two different flame photometers with 
different sets of standards. The greatest dif- 
ference in any 2 determinations was less than 
5%. Other observations included daily body 
weights, and plasma electrolytes and electro- 
~cardiograms taken at weekly intervals. The 
patients were examined daily for presence of 
edema and their subjective reaction to the 
medication was noted. 


Results, Plasma electrolytes and _ serial 
electrocardiograms showed no appreciable 
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changes during the entire experimental period. 
All four patients tolerated the alginic acid 
well when taken stirred up in water. However, 
during the first 2 days of medication, com- 
plaints of a transient, slightly unpleasant taste 
were noted, as well as occasional brief sensa- 
tions of fullness. In no instance did anorexia, 
nausea or vomiting occur. A mild but effec- 
tive laxative action of the drug was observed 
in all patients. The data on sodium and po- 
tassium excretion in feces and urine for each 
control and medication period, as well as 
stool weights and urine volumes are presented 
in Table I. All data are recorded as daily 
averages calculated on the basis of seven-day 
pooled specimens. 

Discussion, The data presented clearly in- 
dicate that in every instance except one, the 
daily average excretion of fecal sodium in- 
creased with alginic acid medication. The 
fecal potassium excretion increased in every 
instance during the administration of alginic 
acid. These increases in fecal sodium and 
potassium excretion occurred even in those 
cases in which total sodium excretion dropped 
during the alginic acid period as contrasted 
with the control period. It would thus seem 
probable that this increased fecal excretion 
of sodium and potassium was due to the alginic 
acid medication. 

The discrepancy noted in those cases in 
which the total sodium excretion dropped on 
alginic acid in comparison with the control 
period may be attributed to variations in 
dietary sodium intake. Although the diets 
were carefully calculated from accepted stand- 
ard tables(5), a random sample diet calcu- 
lated to contain 10 meq. of sodium proved on 
actual analysis to contain 48 meq. of sodium. 

Statistical analysis shows the increase in 
daily fecal sodium and potassium excretion 
to be significant (p smaller than 0.05 for Na, 
and smaller than 0.01 for K). Although daily 
stool weights increased in every instance on 
alginic acid medication, these increases were 
not found to be statistically significant. 

The body weights showed only minor varia- 
tion throughout the period of study except in 
patient C.K., who had a marked diuresis, 
which was at least partially attributable to the 
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TABLE JI. 
Urine vol, Urine Na, Urine K, Feces wt, Fecal Na, Fecal K, 
ml/day meq/day meq/day g/day meq/day meq/day 
Diet ,— anh op an Fe - We ¥ : ———— ———— 
Patient Na O A O A O A O y: eas ©) A O A 
Repeess 11077 295. 226 975 37.9 81 #4151 15 #54 74 149 
TOGO MPLOTIe 434 20-6. 57.7. 46.1 50.3 102 164 2.2 10,2 5 14.6 
A Be 000) 62307. 23382. 87.1 48:7 82.1 51.8 166 161 4.9 Ze Shel 27 
1500 2560 2237 96.3 88.5 101.1 87.7 151 248 2.2 9.2 19.5 36 
N. 500 1489 2017 89.8 48.4 102.6 65.9 76 «135 1,9 2.9 7.9 21,8 
Le 500 2074 2252 53.2 24.7 74 45.5 119 185 Bs 6.1 10.6 12 
15900 1727 2050 69.1 38:2 72.7 50.9 2338 349 6.7. 15,8 26:3 43,4 


*Z (control patient). 


O = control period; A = alginic acid period. 


_” fact that his regular mercurial medication was 
temporarily increased. Despite this, his fecal 
excretion of sodium significantly increased. 
The large increase in urinary sodium excretion 
in this instance was felt to be associated with 
the marked diuresis of this cirrhotic patient. 

The results of this study indicate that the 
adsorption of sodium by alginic acid is ap- 
proximately one-fifth to one-sixth of the 
values reported for cation exchange resins in 
clinical use(6). The reasons for the dis- 
crepancy between the im vitro cation adsorp- 
tion capacity of alginic acid and the results 
reported here are not clear. It may be that 
partial digestion of alginic acid occurs, as has 
been reported in animals(3), or that an in- 
soluble calcium alginate is formed in the 
stomach. 

In view of the definite sodium adsorbing 
capacity of alginic acid, although admittedly 
small in comparison with cation exchange 
resins, and because of its favorable tolerance 
by patients and lack of marked undesirable 
side effects, it is felt that further trial and 
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clinical investigation may be warranted. Pos- 
sible chemical modification of alginic acid to 
increase its in vivo adsorption capacity may 
be worthy of study. 

Conclusions. 1. Alginic acid is well toler- 
ated in humans when ingested in quantities of 
45 g per day and is mildly laxative. 2. Al- 
ginic acid increases fecal sodium and potas- 
sium excretion in humans to the extent of 
approximately one-fifth to one-sixth that of 
the cation exchange resins in clinical use. 
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From the Department of Zoology, Kansas State College.* 


- The necessity of vit. E for proper function 


*Contribution No. 238, Serial No. 281, Department 
of Zoology, Kansas Agric. Exper. Station, Manhat- 
eters am ‘ 


of the anterior pituitary gland has been a 
controversial problem for a number of years. 
Verzar(1), in early studies, stated that vit. E 
acted like anterior hypophyseal hormone in 
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inducing precocious sexual maturity in young 
rats, and that vit. E might be necessary for 
the formation of hypophyseal hormone. Dia- 
kov and Krizenecky(2) and Mattill($) be- 
lieved that vit. E did not exhibit gonado- 
tropic effects, and that chorionic gonadotropin 
and corpus luteum extracts did not maintain 
the testes of rats on an E-free diet. Drum- 
mond, Noble, and Wright(4) found that vit. 
E had no effect on the reproductive organs of 
immature or hypophysectomized rats. They 
also concluded that hypophysectomy of vit. 
E-deficient rats caused further decline in 
weight of the testes and that the pituitary 
glands of the E-deticient rats contained an in- 
creased amount of gonadotropic hormone. 
The appearance of castration cells in the 
pituitaries of animals on an E-free diet is of 
particular significance. Mason(5), Evans and 
Burr(6), Nelson(7), and Mattill(3) found 
castrate cells in the pituitary glands of male 
rats that had been on an E-free diet for 120 
days. They did not, however, find castration 
cells in female rats that were on an E-free 
diet. Severinghaus(S) stated that castration 
cells do not develop in the pituitary glands of 
guinea pigs while on a diet deficient in vit. E, 
The work of Van Wagenen(9), Nelson(7), 
and Mattill(3) disclosed, however, that cas- 
tration cells in the pituitary developed during 
a deficiency in vit. E. Rowland and Singer 
(10) concluded that when there is a deficiency 
of vit. E, the pituitary gland does not have 
the capacity to produce an ovulation-produc- 
ing substance which will cause ovulation in 
the oestrus rabbit. Miller and Miiler(11) 
kept female rats on a vit. E-free diet for 137- 
240 days with no morphological changes in 
the pituitary gland. After 280 days on the 
diet, however, the pituitaries showed castra- 
tion cells. Stein(12) found no notable pitui- 
tary changes from an E-free diet in rats. 
Nelson(7) found that vit. E is necessary for 
normal pituitary and testis growth. | Bid- 
dulph and Meyer(13) found that after rats 
had been on a diet deficient in vit. E the testes 
showed reduction of about 50% in size but 
that pituitary glands from these animals were 
not altered in gonadotropic potency. They 
further report an increase in size of the baso- 
philic cells after the animals had been on the 


VITAMIN E—Prrurrary 


E-deticient diet for some 6 months. 

Prior to 1944 a series of 4 experiments were 
conducted in this laboratory to test the gonad- 
otropic activity of the pituitary glands of 
chickens that were on a diet deficient in vit. 
EK. An abstract was published(14).  Re- 
cently this work was repeated but the results 
were so uniform in all groups of animals and 
both series of tests, the data are combined in 
those places in which experimental conditions 
were parallel. 

Materials and methods. In 6 different 
groups 164 male chickens, one-half of which 
received vit. E and the other half deprived of 
vit. E, were studied. They were 6 weeks of 
age when the E-free diet was started and they 
were kept on it for 8 weeks. The basic diet 
used in all experiments consisted of: dry 
casein 18%, salt mixture 4%, corn starch 
36%, rice, 209%, dried brewers yeast 10%, 
lard 5%, fiber (ground cane fiber or ground 
oat hulls) 5%, and fish oil extracts 2% (or 
equivalent levels of vit. A and D). To one- 
half of the birds, vit. E was supplied in the 
form of mixed tocopherols. The diets were 
available to the birds at all times. At the 
termination of each experiment the birds were 
killed and their pituitary glands removed. 
The pituitary glands from 21 of the birds that 
received vit. E and a like number that did 
not receive the vit. E, were fixed in Heiden- 
hain’s Susa fixative for histological study. All 
others from both groups were prepared for the 
assay of gonadotropic hormones. 

Observations. The pituitary glands pre- 
pared for histological study were stained with 
Heidenhain’s Azan triple stain, a modification 
of Mallory’s triple stain. Glands from the 
birds fed an E-free diet showed many baso- 
phils that were similar to those described by 
Severinghaus(S) as being in the later stages 
of secretion. This is also in agreement with 
results described by Barrie(15). The nuclei 
were highly pyknotic and the cyteplasm was 
much reduced in quantity. Counts of types 
of cells indicated that the glands from birds 
supplied with vit. E contained close to 100% 
more active basophils than those from birds 
given no vit. E. No castrate cells were found 
in the birds deprived of vit. E. In these ex- 
periments the birds were on the E-free diet a 
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pituitary substance from animals deficient in vit. KE. 

FIG. 2. Photograph of section of vaginal epithelium from assay rat that had received 
pituitary substance from animals supplied with vit. KE. 

PIG, 3. Photograph of section of testis tissue from chicken that had received no vit. E for 


8 weeks. 


FIG. 4. Photograph of section of testis tissue from chicken fed the same diet as in Wig. 4, 


except that vit. E had been added to the diet. 


shorter period of time than that reported by 
others in which castrate cells were observed. 
In the experiments reported here, however, 
the testes showed marked degenerative 
changes (Fig. 3). . 

In the birds that received vit. E the testes 
appeared normal in size and structure and 
averaged 9.71 g each in weight (Fig. 4). The 
thickness of the walls of the seminiferous 
tubules measured 44.29 ». In the birds de- 
prived of vit. E, the testes averaged 6.56 g 
in weight and the walls of the seminiferous 
tubules measured 27.10 p in thickness. The 
relative degree of activity of the testes was 
reflected in the size of the combs. In 2 ex- 
perimental groups that were weighed, the 
combs of the E-fed group weighed 44 g, 
whereas those from the E-deficient group 
averaged 20 g each. 

Procedure and results of assay. All pitui- 
tary glands that were removed for assay pur- 
poses were ground to a paste and then com- 
bined with distilled water, one ml for each 
gland. The suspension was injected into sex- 
ually immature female mice or rats once daily 
for 3 days, a total of 0.3 ml being given at 


each injection. Following the series of injec- 
tions the test animals were killed and the 
vaginal tracts were removed, fixed and sec- 
tioned. As a means of evaluating the degree 
of gonadotropic activity the thickness of the 
vaginal epithelium was measured. Care was 
exercised to choose regions of the vagina for 
measurement that were at the same distance 
from the cervix and four measurements were - 
made for each test animal. The mean of the 
measurements from the E-fed groups, in which 
rats were used for the assay, was 58.25 p 
whereas the mean of the E-deficient groups 
was 38.78 » (Fig. 1 and 2). An analysis of 
all measurements within the groups (Snedecor, 
p. 80, 16) reveals a statistically significant 
difference between these two means (t = 
5.21 and P = <.001). The measurements 
in which mice were used as the assay animals 
were not incorporated here since they were 
in a different range of magnitude although 
their comparative values were essentially the 
same as those reported here for the rats. It 
is concluded from these results that pituitary 
glands of male chickens contain more gonado- 
tropic hormone if vit. E is supplied in the 
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diet than if it is not supplied. 

Summary. The testes of male chickens 
kept on a diet deficient in vit. E for two 
months were much reduced in size, and the 
seminiferous tubules showed considerable de- 
generation. The combs, likewise, were smaller 
in the group deprived of vit. E. The assays 
of pituitary glands revealed that more gonad 
stimulating substance was produced by those 
of fowls which had received vit. E in their 
diet. The pituitary glands from the birds on 
the E-deficient diet had approximately one- 
half as many active basophilic cells as those 
from the birds with the E supplied. 
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supplying the tocopherols. 
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From the Peter Bent Brigham Hespital and the Department of Medicine, Harvard Medical Scheel. 


The major complications that have been 
reported as a result of cardiac catheterization 
have been reviewed by Zimdahl(1) and have 
been of two general types: First are a variety 
of cardiac arrhythmias developing largely as 
a result of the introduction of the catheter 
into the right auricle and ventricle. These 
have consisted of ventricular premature beats, 
ventricular tachycardia, ventricular flutter, 
ventricular fibrillation, right bundle branch 
block, and heart block. Auricular premature 
beats, auricular flutter, paroxysmal auricular 
tachycardia, and auricular fibrillation also 
_ have occurred when the tip of the catheter has 
been in the right auricle. The second type of 


* This work was supported by grants from the 
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complication has been thrombosis occurring in 
the veins at the venotomy site and sometimes 
propagating centrally. In one reported case 
(2), in whom the catheter was introduced into 
the heart by way of a leg vein, a thrombosis 
propagating centrally to the heart resulted in 
death several weeks later. 

We wish to-report the production of pul- 
monary thrombosis and infarction in a series 
of patients with pulmonary congestion in 
whom a branch of the pulmonary artery has 
been occluded in order to record the -pul- 
monary “capillary” pressure. 

Methods. To measure the pulmonary 
“capillary” pressure, the catheter is intro- 
duced by the usual fashion into the pulmonary 
artery and then advanced further until it is 
wedged into one of the distal branches of this 
vessel(3). On the basis of about 100 ex- 
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_ periences with this procedure, it was reported 


(3) that no untoward reactions occurred. In 
March of 1950, however, the first of a series 


- of pulmonary infarctions began to occur in 
_ patients with mitral stenosis and congestive 
_ heart failure following cardiac catheterization. 


At first, these infarctions occurred only spo- 
radically, but later occurred with increasing 
frequency. Between March and November 
of 1950, only 4 such infarctions occurred, 2 in 
patients with congestive heart failure and 2 
in patients with mitral stenosis. Between 
November, 1950 and May, 1951, pulmonary 
infarcts were produced in 15 of 27 patients 
with mitral stenosis. In no instance did death 
occur, but many of the patients had a stormy 
course for several days. Had it not been for 
the necessity of catheterization to determine 
the patients’ operability, this procedure would 
hardly have been justified. There was a 
striking absence of this complication in pa- 
tients with many types of congenital heart 
disease, pulmonary disease with cor pul- 
monale, various types of heart disease without 
pulmonary congestive phenomena, and live 

disease. | ; 

Observations. Infarction was recognized in 
these cases by the occurrence of a rise of 
temperature, pulse, and respiration in all 
cases, associated with malaise, and often 
cough, signs of consolidation in the affected 
area, frank hemoptysis, blood-streaked spu- 
tum, pleuritic pain, friction rib, and a shadow 
in the lung by x-ray. With one exception, 
the infarct occurred in the area plugged by 
the catheter, from which it was concluded that 
this represented thrombosis in situ rather than 
embolism. In the one case in whom the in- 
farct occurred at a distant site, it was pre- 
sumed to have been on the basis of embolism 
from a right auricular thrombus. The symp- 
toms and signs of infarction occurred as early 
as two and a half hours after wedging the pul- 
monary artery with the catheter and as late 
as 79 hours. 

Age did not appear to be a factor, since 
infarction occurred in one patient who was 
only 14 years old. The company manufac- 
turing the catheters? had not changed the sur- 
facing lacquer(4). Three factors, however, 


appeared to be mainly concerned with the 


at 
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production of this complication in these 
patients. 1) Only in patients with pulmonary 
congestion did pulmonary infarction occur. 
Venous thrombosis in the legs and pulmonary 
infarction from embolism are particularly 
prone to occur in patients with congestive 
heart failure(5,6), although a definite abnor- 
mality of the clotting mechanism in these 
patients has never, to our knowledge, been 
established. This thrombophyllic tendency 
presumably varies considerably from patient 
to patient and represents fertile soil for the 
development of infarction. 2) The peak in- 
cidence of pulmonary infarction occurred in 
these patients at a time when the greatest 
effort was being made to obtain as good a 
“capillary” pressure tracing as possible. The 
catheter was left in situ for longer periods of 


often checked in several different areas of the 
lung. Careful washing of the surface and 
lumen of the catheter with saline and attempts 
to shorten the period of wedging of the pul- 
monary artery to an irreducible minimum, 
however, did not prevent pulmonary infarc- 
tion. Even full heparinization of the pa- 
tients before wedging the catheter did not 
eliminate infarction. 3) During the period 
when infarctions were produced, the cath- 
eters were sterilized by soaking in a 1:1000 
solution of mercurioxycyanide. In our orig- 
inal publication(3), they had been sterilized 
by autoclaving. On the reinstitution of 
sterilization by autoclaving in May, 1951, 
pulmonary infarction following catheterization 
abruptly ceased. There have been no in- 
farcts in 20 consecutive patients with severe 
mitral stenosis or congestive heart failure 
studied since that time. 


Other factors such as the length of time 
the catheter was left in place, variation in the 
roughness of the surface of the catheter and 
in the degree of traumatization of the vessel 
wall by the catheter, and the care with which 
the surface of the catheter was washed with 
saline before its introduction into the vein 
presumably played an aggravating role. There 
seems to be no doubt, however, that the sine 
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gue ron in the production of infarction has 
been the chemical sterilization of — the 
catheters, 

Summery, 1. Pulmonary infarction has 
occurred in 19 patients with severe mitral 
stenosis or congestive heart failure 244 to 79 
hours following wedging of a cardiac catheter 
into a branch of the pulmonary artery for the 
measurement of pulmonary “capillary” pres- 
sure, 2, OQver a period of 6 months, pul- 
monary infarction eccurred in over half the 
patients studied with severe mitral stenosis, 
3. In other patients without pulmonary con- 
gestion, pulmonary infarction did not occur, 
4. When the catheters were sterilized by auto- 
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claving instead of by soaking in mercurioxy- 
eVanide, pulmonary infarction did not occur 
in 20 consecutive patients with either severe 
mitral stenosis or congestive heart failure, 
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Hemolysis in Hydrogen Peroxide of Erythrocytes of Premature Infants. 
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Harry H, Gorvont ann Jamgs P. pg Merry, 
From the Department ef Pediatrics, University of Celerade Scheel of Medicine. 


Gydrgy and Rose reported that administra- 
tien of tecopherel prevented intravascular 
hemolysis and hemoglobinuria in vit. E de- 
ficient rats injected with allexan(1). They 
found, also, that the red bleed cells of rats 
deficient in tocopherol could be completely 
hemalyzed, while those of tocopherol-treated 
animals were never affected by incubation 
With dialuric acid er allexantin, reduction 
products of alloxan(2). Since é& vitre hemo- 
lysis was more marked with dialuric acid than 
With alloxantin, the authors suggested that 
dialuric acid might be the active moiety, Be. 
cause Owens and Owens($) had suggested 
that a dietary deficiency of vit. E might be 
responsible for retrolental fbroplasia, the 
erythrocytes of 14 premature infants, both 
with and without the disease, were tested for 
sensitivity te dialuric acid, using the procedure 
of Rose and Gydrgy (4). The infants showed 
no evidence of E deficiency as measured by 
this test(§). Many premature infants do not 
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Aid of Crippkd Children, 
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absorb fat well, and Wright, Filer, and Mason 
(6) have shown that low serum tocopherol 
levels develop in these infants when fed diets 
designed to circumvent the handicap in fat 
absorption, Since the manifestations of E 
deficiency vary in different species, and in the 
Same species at different ages(7), the possi- 
bility remained that E deficiency might exist 
in premature infants even though the dialuric 
acid test did not so indicate. The finding by 
Gyirgy, Cogan, and Rose(8) that the red 
blood cells of newborn full term infants, re- 
sistant to dialuric acid, were hemolyzed by 
dilute solations of hydrogen peroxide, and 
that this hemolysis could be prevented by 
alpha-tocopheral led to the present study of 
prematurely bern infants, A significant de- 
gree of hemolysis has been found and this is 
consistently prevented by the feeding of 
alpha-tocopherol, 

Sudjects end. metkeds. Observations were 
made in 23 premature infants, born either at 
the Colorado General Hospital, or admitted 
to its Premature Infant Center because of 
inadequate facilities for care at the place of 
birth. The infants’ weights ranged from 745 
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FIG. t. Three infants, indicated by heavy dots, were fed evaporated milk. All others received 
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were found. 


to 2000 g at the time of birth, and from 1100 
to 3400 g at the time of testing. Their diets 
consisted, except as indicated, of a powdered 
preparation of partially skimmed cows’ milk 
(Alacta) diluted with water and fortified with 
added carbohydrate. All but 5 infants had 
received supplements of ascorbic acid, 50 mg, 
and of vit. D, 1000 units, (Drisdol, 4 drops), 
daily, for 1 to 6 weeks before testing. One 
infant received ascorbic acid, 1.0 g in 4 di- 
vided doses on one day, for study purposes. 
Vit. E was given to 8 infants, either as an 
emulsion of alpha-tocopherol acetate, kindly 
supplied by the Hoffmann-La Roche Co., or 
as water-miscible tocopherol, Esorb (Wyeth). 
The hemolysing action of H2Oz was also tested 
on blood taken from 14 healthy adults, all 
professional hospital personnel, and 5 hospital 


patients. 


Methods. Two-tenths ml of blood was 
drawn, usually from the antecubital vein, into 
a syringe previously rinsed with sterile saline- 


citrate solution, and transferred to a tube con- 
taining 2.0 ml of saline-citrate. The test was 
performed according to directions kindly sup- 
plied by Drs. Gyorgy and Rose, with one 
modification, i.e., 0.25 ml of 2.4% hydrogen 
peroxide was used, instead of 0.05 ml of 12% 
peroxide. This step made it possible to ob- 
tain, in duplicate or triplicate, checks within 
+5%. All determinations reported herein 
were within this range, with the exception of 
5, which were within +6-9%. Samples of 
blood, from an adult and from both non- 
supplemented and tocopherol fed infants were 
generally tested simultaneously, Percent of 
hemolysis is calculated from the ratio of the 
color of the supernatant fluid in tubes con- 
taining the blood cells exposed to H»Os to 
that in tubes in which complete hemolysis was 
obtained in distilled water. Readings were 
made at 550 » in a Coleman spectropho- 
tometer. 

Results. Thirty-two observations in 20 in- 
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fants on the diet of partially skimmed milk, 
and single observations in each of 3 infants 
who had been fed an evaporated milk mixture 
for 8, 10, and 30 days prior to observation 
are presented in Fig. 1. It is seen that, in all 
but 8 of the observations, hemolysis in hydro- 
gen peroxide was more than 50% of that in 
distilled water. Of these 8, only 3 showed less 
than 10% hemolysis, the level below which 
all the observations on the 19 adults fell. A 
full-term infant of 18 months with pellagra 
and tuberculosis also showed only 5% _he- 
molysis. 


Each of 3 premature infants whose erythro- 
cytes showed resistance to HO. was 4 or 35 
days old, and 2 of them who were followed 
(Subjects J and M(F)) developed increased 
susceptibility to HO. with increasing age 
(Table I). It is planned to study more new- 
born premature infants to permit comparison 
with the data of Gy6rgy and his coworkers 
on newborn full-term infants. Of 2 full-term 
infants studied at age 12 hours, one showed 
11%, and one 47% hemolysis. The mother 
of the latter infant showed 2% hemolysis. 

In Table I are presented data on 9 infants 
on whom multiple observations were made. 
The effect of tocopherol administration was 
determined in 8 of them. It is seen that in 
every one of 9 trials in the 8 infants, there 
was a prompt drop in the hemolysis to the 
levels found for adults. The smallest dose 
tried was 25 mg daily for 2 days (Subjects 4 
and 9); hemolysis dropped from 83 and 91% 
to 10% in Subject 4, and from 89 and 72% 
to Q in Subject 9. In one infant, Subject 7, 
the administration of 25 mg of tocopherol 
daily for 4 days caused a drop from 100 to 
4%, with a return to 91% hemolysis on the 
10th day after discontinuing tocopherol sup- 
plements. Susceptibility to HsO2 persisted 
for another 7 days, when the administration 
of tecopherol again reversed the test. In in- 
fant No. 8, on the other hand, the administra- 
tion of 25 mg of tocopherol for 5 days was fol- 
lowed by a persistently negative test as long 
as 22 days after discontinuing tocopherol. In 
infant No. 9, inconsistent results were ob- 
tained after discontinuing tocopherol. The 
effect of the administration of tocopherol on 
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TABLE I. Hydrogen Peroxide Hemolysis of 
Erythrocytes of 9 Premature Infants—Effect of 
Tocopherol Administration. 


Birth Age, % 
Subject wt,¢ days Wt, ¢ hemolysis* 
JIveQ 1150 4 1100 8 
13 1200 22° 
20 1440 67 
28 1680 76 
M. 9 1460 5 1390 5 
19 1640 95 
26 1740 100 
27 As lg 
28 1825 87 
33 1925 100 
34-41 B 50 mg daily 
38 2240 6 
41 2240 3 
M. é 1250 52 1460 75} 
66 1790 93 
67-80 C 150 mg daily 
73 2000 0 
80 2470 0 
Eg 2040 27 2070 83 
: 32 2280 oF 
32-33 C 25mg daily 
34 2360 10 
A. 9 1275 13 1370 52 
20 1470 75 
34 1870 86 
35-40 C 50 mg daily 
42 2030 alge 
Bio 1475 13 1470 33 
14-27 C 150 mg daily 
20 1580 
27 1720 0 
C8 1520 23 1650 100 
24-27 C 25 mg daily 
29 1800 
37 2100 91 
39 2100 73 
44 2300 99 
45-52 B 50 mg daily 
49 2450 2 
52 2610 1 
Gane 1500 26 1790 90 
27-32 C 25 mg daily 
33 1880 0 
42 2100 9 
52 2520 14 
55 2600 2 
CABS 1440 26 1490 89 
31 1590 72 
31-32 C 25 mg daily 
33 1600 0 
40 1820 90 
42 1800 13 
47 1950 68 
52 2080 12 
ys) 2370 “2 


* Hemolysis in HyO. as compared with hemolysis 
in distilled HO. 

As = Ascorbie acid. B=a-tocopherol (Esorb, 
Wyeth). C= Tocopherol acetate emulsion (Hoff- 
mann-La Roche). 


4-TOCOPHEROL ON Hemorysis H»O. ErytTHROcYTES 


100 

90 

4%, 80 
HEMOLYSIS 70 


449 


M. Cc} 


20 W 40 SO 60 


AGE IN DAYS 


FIG. 2. 


Effect of a-tocopherol administration on HO» hemolysis of RBC of 4 premature 


infants. See Table I for dosage. Infants W. A. and W.B. were twins. 


the hemolysis test in 4 of the infants is pre- 
sented graphically in Fig. 2. 

Discussion. The results of these studies 
confirm the findings of Gyorgy, Cogan, and 
Rose(8) that susceptibility of red blood cells 
to dilute hydrogen peroxide can be prevented 
by administration of alpha-tocopherol to 
young infants. The effect of other substances 
on susceptibility to H2O2 remains to be stud- 
, ied; neither the administration of vit. D in 
doses of approximately 1000 units daily or 
ascorbic acid, 50 mg daily, prevented its 
development. Since ascorbic acid has been 
reported, along with glutathione and cysteine, 
as being capable of producing the in vitro 
hemolysis of the red blood cells of E-deficient 
rats(9), the role of ascorbic acid, a customary 
dietary supplement, will require investigation. 

Wright, Filer, and Mason(6) have sug- 
gested, on the basis of studies of serum toco- 
pherol levels, that the diets of premature in- 
fants should perhaps be supplemented with 
vit. E. They point out that premature in- 
fants may have special needs for tocopherol 
because of their rapid rate of growth, and the 
low content of tocopherol of the partially- 
skimmed milk mixtures widely used for their 
feeding. According to the data of Quaife 
(10), Harris(11), and Wright(6), it has been 
estimated that these partially-skimmed feed- 
ing mixtures contain approximately 0.04 mg 

_ of tocopherol per 100 cc, as compared with 


0.10 mg % in customary evaporated milk 
mixtures, and 0.15 mg % in “mature” human 
milk, At an intake of 150-200 cc/kg/day, 
the tocopherol intake of a premature infant 
would be approximately 0.08 mg/kg as the 
one-half skim milk mixture, 0.2 mg/kg as 
evaporated milk, and 0.3 mg/kg as human 
milk. In 3 infants who had received an esti- 
mated 0.2 mg/kg tocopherol daily as evap- 
orated milk for 8, 10, and 30 days before 
testing (Fig. 1), the tests showed hemolysis 
of 57, 61, and 75%. Whether a total intake 
of 0.3 mg/kg as human milk by premature 
infants would be adequate to prevent the sus- 
ceptibility to hydrogen peroxide, in the light 
of their known defect in fat absorption, re- 
mains to be determined. 

There is no evidence as yet that the sus- 
ceptibility of the red blood cells of premature 
infants to hydrogen peroxide, and its con- 
sistent reversal by alpha-tocopherol, have 
physiologic or clinical significance. If this 
can be proven, however; then the data herein 
reported would support the regular addition 
of tocopherol to the diets of premature infants. 
The occurrence of edematous states during 
life and of hemorrhagic transudations ter- 
minally in these infants is reminiscent of the 
exudative diathesis reported in E deficient 
chicks(12,13), and the. hemorrhagic state in 
the E deficient fetus of the rat (14). 

Christensen and Dam(15) have reported 
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that dietary methylene blue which protects 
E deficient chicks against the exudative dia- 
thesis and brown coloration of adipose tissue 
also affords E deficient rats a marked, though 
not complete, protection against hemolysis of 
erythrocytes in dialuric acid. Antioxidants, 
other than alpha-tocopherol, may also be able 
to reverse the susceptibility of the red blood 
cells of premature infants to hydrogen 
peroxide. 


Summary. Hemolysis of red blood cells in 
dilute hydrogen peroxide was determined for 
23 premature infants. Three infants received 
evaporated cows’ milk, and the remainder par- 
tially-skimmed cows’ milk feeding mixtures. 
A significant degree of im vitro hemolysis was 
found and this persisted as long as the infants 
were observed without supplementation of 
their diets with tocopherol. In each of 9 trials 
in 8 infants the in vitro hemolysis was reversed 
by feeding alpha-tocopherol. 
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The virus of avian erythromyeloblastic 
leucosis(1) occurs in high concentration in 
the plasma of chicks affected with the disease. 
Concentration and purification of the agent 
have been effected(2,3) by the application of 
ultracentrifugal procedures to such plasma 
passed through earthen filters. The morpholo- 
gy of the virus and the characters of the con- 
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centrates obtained in this way have been 
described(3). In the course of studies of the 
chemical constitution and properties of the 
virus, inquiry was made into any possible 
activity which the virus might exert on adeno- 
sine triphosphate. It was learned, that the 
virus concentrates and other preparations con- 
taining the virus possessed the capacity to 
liberate inorganic phosphorus from this ma- 
terial. The importance of adenosine triphos- 
phate as a source of metabolic energy(4) and 
the significance of its enzymatic dephosphory- 
lation, possibly, by the virus in the absence 
of living tissue im vitro would appear to merit 
the present report of findings thus far en- 
countered. 


seas 


\ 
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‘Materials and methods. Experiments have 
been made with plasma from presumably nor- 
mal chickens and from chicks diseased with 


_erythromyeloblastic leucosis and with virus 
_ preparations obtained by ultracentrifugal frac- 
_ tionation of plasma from diseased birds. The 


character and origin of the strain of leucosis 
investigated have been described(5). All 
plasma was drawn into citrate, freed of cells 
by centrifugation, filtered through Celite and 
through Selas filters in the same way as that 
obtained for the purification processes. All 
preparations likely to contain free phosphorus 
were dialyzed against calcium-free Ringer 
solution in the cold. For purification of the 
virus, in a typical experiment, a pool of blood 
was collected by heart puncture into 6% 
sodium citrate in the proportion of one volume 
of citrate to 9 volumes of blood. The 53 
donor birds with the disease, as diagnosed by 
blood smears(5), had been inoculated intra- 
venously with infectious plasma 46 days previ- 
ously at the age of 3 days and fasted for 24 
hours before bleeding. The blood was centri- 
fuged at 2,000 X g in 50 ml tubes in the 
horizontal centrifuge for 20 minutes for re- 
moval of the cells. The plasma was then 
recentrifuged under the same conditions, frozen 
in a dry ice-alcohol mixture and stored at 
about —14°C for 8 days. At the time of the 
experiment, the plasma was thawed in running 
tap water and centrifuged as described above 
to remove any clotted-material. A 3 mm mat 
of Celite No. 512 was laid over a coarse filter 
paper, and 5 g of Celite No. 512 were added to 
each 120 ml of plasma. The plasma was 
filtered through the mat under suction and 
then passed through an 8” Selas 02 filter 
(No. FP-88, Selas Corp. of America, Phila- 
delphia, Pa.) under 4 lb of positive pressure. 
A volume of 420 ml of this clarified plasma 
was spun in the ultracentrifuge at 20,000 X 
g for one hour, and the resulting pellets were 
suspended in 42 ml of calcium-free Ringer 
solution containing 1% by volume of heparin 
(Liquaemin, ‘Organon’, 1 ml = 10 mg). The 
concentrate was centrifuged in the horizontal 
centrifuge at 2,000 X g for 10 minutes and 
the sediment discarded. The concentrate was 
spun at 20,000 X g for 30 minutes and re- 
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TABLE I. Total Nitrogen Content and Dephos- 
phorylating Activity on Adenosine Triphosphate 
of Plasma from Birds Diseased with Erythromyelo- 
blastic Leucosis and of Ultracentrifugal Purifica- 
tion Fractions Derived from it in Experiment of 


Fig. 1. 
Phosphate lib- 
erated/min/ml 
N/m of reae- reaction 


tion mixture, 7 mixture, «Mol 


Plasma pool 1775 188 
1st cycle concentrate 061 
supernatant 1900 035 
2nd cycle concentrate aT, 054 
supernatant 11.89 O11 
3rd cycle concentrate 7 038 
supernatant 21 004 
4th cycle concentrate 50 031 
supernatant 04 001 


suspended in Ca-free Ringer solution contain- 
ing heparin. This was repeated twice more 
for a total of 4 sedimentation cycles. Samples 
of each concentrate and supernatant fluid 
were taken for measurement of enzymatic ac- 
tivity and for nitrogen determination. The 
data obtained with each cycle are given in 
Table I. 

A study was made also with the purified 
virus preparation spun in an intermediate 
ultracentrifugal field. In this case, a con- 
centrate obtained as described was placed 
in a 5 ml collodion tube, spun rapidly up to 
10000 X g and held there for 3 minutes. The 
opalescent supernatant fluid was removed by 
pipetting. There was no real pellet at the 
bottom of the tube; instead, there was a small, 
somewhat opaque deposit on the wall. This 
was taken up in the volume of the concentrate 
initially used for this process. For the meas- 
urement of enzymatic activity, 1.8 ml of the 
virus preparation or plasma were mixed with 
1.8 ml of adenosine triphosphate solution 
(adenosine triphosphate, disodium salt, Pabst 
Laboratories, Milwaukee, Wis.) brought to pH 
7.2 with NaOH containing 3 mg of the salt 
per ml. Reaction took place at room tempera- 
ture; at intervals 0.4 ml samples of the mix- 
ture were added to 4.6 ml of N perchloric 
acid. If necessary, the protein precipitate 
was removed by centrifugation. Phosphate 
determination was based on the method of 
Berenblum and Chain(6). The clarified 


452 ATPAsE In Leucosis Virus CONCENTRATES 
B 
fo) 
fa) 
WwW 
= 
< 
a 
WwW 
@ 
—) 
Ww 
E 
< 
x 
a 
o 
fe) 
= 
a 
we 
ro) 
i’P) 
= D 
iS o 
R 
QO 
0.0 + a ¥- + = x —- = + = + =e 
Ores Gy ll2 20 30 40 Or2226 12 20 30 40 
REACTION TIME IN MINUTES 
FIG. 1. Dephosphorylating activity on adenosine triphosphate of plasma from birds with 


erythromyeloblastic leucosis (circles of A) and of the concentrates (squares) and supernatant 
fluids (triangles) in 4 eycles (A, B,C, D) of sedimentation of the virus from this plasma. 


sample was removed to a separatory funnel, 
followed by 2 ml of water washings, 2 ml of 
5% ammonium molybdate, and 8 ml of iso- 
butyl alcohol. The mixture was shaken for 
1%% minutes, the aqueous layer was removed, 
and the alcohol layer was washed twice with 5 
ml of N H2SOx,, followed by 13 ml of stannous 
chloride solution (30 seconds shaking for each 
washing). The alcoholic solution was run into 
10 ml volumetric flasks followed by the alco- 
holic wash fluid to volume. Absorption was 
read with a No. 600 filter in an Evelyn colori- 
meter. 

Results. In Fig. 1 there is shown the 
character of the results obtained with the 
plasma from diseased birds and with the ultra- 
centrifugal fractions resulting from the puri- 
fication process through four sedimentation 
cycles. As seen in Fig. 1 A, the reaction with 
plasma was rapid, reaching completion in 


about 12 minutes. The pellet of the first 
sedimentation cycle resuspended in a volume 
proportional to that of the plasma was like- 
wise exceedingly active, and the activity of 
the supernatant fluid of this cycle, the results 
with which are shown also in Fig. 1 A, was 
considerably less. Repetition of the sedimenta- 
tion cycles resulted, Fig. 1 B, C, and D, in suc- 
cessive concentrates of relatively high, though 
progressively diminishing, activity, while all of 
the activity of the supernatant fluids was lost 
in the same procedures. This distribution of 
dephosphorylating activity in the concentrates 
and supernatant fluids closely parallels the par- 
tition of the infectious capacity of analogous 
fractions tested in repeated titrations in 3-day- 
old chicks. This is not meant to imply that 
the activity is associated only with infectious 
virus; instead, it is evident here that enzy- 
matic activity is to be found in those frac- 


tions in which characteristic particulate ma- 
terial and virus activity reside. Considera- 
tion of the maximum amount of phosphorus 
freed at the equilibrium point indicates that, 
under the conditions of these experiments, 
only the third phosphorus is liberated with 
conversion of adenosine triphosphate to adeno- 
sine diphosphate. 

The relation of nitrogen to enzymatic ac- 
tivity is shown in Table I. Here again it is 
evident that activity is associated with the 
particulate material rather than substances 
not susceptible to the centrifugal field em- 
ployed. It is seen, also, that activity per unit 
of nitrogen in the concentrates is exceedingly 
high. Some of the activity of the original 
plasma was lost in the first sedimentation 
cycle, due in part to the considerable amount 
of material eliminated in the low speed centri- 
fugation of the concentrate (see above) of 
this cycle. 

Essentially identical results have been ob- 
tained with 7 different batches of plasma from 
chickens with erythromyeloblastic leucosis and 
4 preparations of purified virus. Results such 
as those described above were obtained with 
freshly purified virus; experiments made daily 
on the same batch of the purified agent kept 
in the refrigerator at 2-4°C showed high ac- 
tivity for about 7 days, whereupon activity 
declined rather suddenly. This result is like- 
wise compatible with the stability of the in- 
fectivity of this virus which declines rapidly 
even in plasma stored, frozen, at about —14°C. 

Ultracentrifugation of the virus concentrate 
at 10000 X g, which would be expected to 
sediment a portion of the virus as well as 
masses larger than the virus, resulted in the 
elimination of about one-fourth to one-third 
of the enzymatic activity. Electron micro- 
scopy revealed only dispersed virus particles 
in the supernatant fluid. The sediment re- 
vealed an entirely different picture, contain- 
ing not only some dispersed virus but many 
amorphous masses in which small numbers of 
virus particles seemed incorporated. 
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Experiments made with 4 different batches. 


of plasma from normal chickens showed no 
evidence of enzymatic activity. 

Discussion. The present experiments have 
revealed a highly potent enzymatic activity 
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associated with preparations containing the 
virus of erythromyeloblastic leucosis in the 
dephosphorylation of adenosine triphosphate. 
Consideration of the problem is concerned 
not with the magnitude of the reaction but 
with the question of the identity of the enzy- 
matic component. The fact that nothing in 
normal chicken plasma is effective reveals a 
specific association of the enzyme with the 
erythromyeloblastic disease. Several possible 
origins of such an enzyme seem obvious: the 
material might be elaborated into the circula- 
tion by the tissues of the host, by the affected 
bone marrow or the specific primitive cells or 
other tissues not directly affected by the 
virus; cell fragments remaining in the plasma 
after filtration might act as units or contain 
incorporated enzymes; or the reaction might 
be specific to the virus itself. 

It is notable that the constituent of plasma 
carrying the activity must be associated with 
particles of the size of the virus since the 
enzymatic effects are carried through those 
processes designed to select the virus. This 
would rule out materials of small molecular 
size that might be freed by tissues into the 
circulation. It is recognized that the plasma 
contains amorphous masses larger than the 
virus which pass through the filter and appear 
in the concentrates of the virus as masses or 
aggregates up to about 7 » in diameter. In 
the purification procedures such masses are 
easily eliminated by brief ultracentrifugation 
in fields of 10,000 X g. It is evident, then, 
that the enzymatic activity is associated, in 
all of the experiments thus far made, with 
particles essentially identical in sedimenta- 
tion characters with the particles which are 
regarded as the virus. This is clearly shown in 
Fig. 1 in which the partition of enzymatic 
activity is parallel, within the limits of bio- 
logical assay, with the distribution of virus 
infectivity among the ultracentrifugal frac- 
tions, as shown in titration experiments which 
will be described in another report. It is not 
inconceivable that the virus preparations con- 
tain a particulate component the size of the 
virus derived through possible breakdown of 
the primitive cells in the circulation. At this 
point, it is well to recall the experiments of 
Kielley and Meyerhof(7) who isolated from 
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the muscle of the rat a particulate material 
with which there was associated the capacity 
to cause dephosphorylation of adenosine tri- 
phosphate. The sedimentation and other 
properties of this material seem, at least super- 
ficially, similar to analogous properties of the 
virus concentrates. While the possible con- 
tribution of such particles cannot be ruled 
out entirely at the moment, it can be said that 
in every respect in which the purified par- 
ticulate material specific to erythromyelo- 
blastic leucosis can be interpreted as the 
virus so can these same particles be regarded 
as the source of the enzyme freeing phosphorus 
from adenosine triphosphate. 

The implications of these results, if fully 
established in further work, are of much sig- 
nificance. Evidence of enzymatic and meta- 
bolic activity of viruses in the absence of cells 
is so limited that this lack in constitution is 
regarded, in general, as a deficiency character- 
istic of this group of infectious agents. It is 
notable in this respect that while vaccinia 
elementary bodies give no evidence of such 
metabolic activity(8), the virus shows the 
presence of copper(9), flavin(10) and biotin 
(11), suggesting the existence of a limited 
respiratory system. Other enzymes found 
(12,13) in association with vaccinia virus have 
been viewed(13) as possible adsorbed con- 
taminants carried through the purification pro- 
cedures. Intensive investigation has shown 
that the influenza virus possesses the capacity 
to alter the physical structure(14) of the egg 
white inhibitor of hemagglutination and to 
liberate constituents(15,16) of this and other 
inhibitors of the reaction. It is noteworthy 
that this activity of influenza virus is likely 
to be of limited significance in comparison 
with that of enzymatic constituents which may 
be involved in physiological and reproductive 
processes of viruses. The capacity of the 
virus of erythromyeloblastic leucosis to react 
with adenosine triphosphate in vitro. suggests 
possession by the virus of the immediate 
means for providing the energy, not only for 
utilization of intracellular materials but for 
making its entrance into the cell. It scarcely 
needs saying that the present experiments are 
open to criticism that the enzyme may be 
adsorbed on the virus particles. Such possible 
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adsorption assumes considerable significance 
in itself, however, for it is evident that it must 
have occurred within the host cell since none 
of the enzyme of small molecular dimensions 
was present in the plasma. These possibili- 
ties make necessary further investigation, 
which is already underway. 


Summary. A highly potent capacity for the 
dephosphorylation of adenosine triphosphate 
has been observed with preparations contain- 
ing the virus of avian erythromyeloblastic 
leucosis. This enzymatic reaction occurred 
with the filtered plasma of birds diseased with 
the virus and with virus concentrates obtained 
from the plasma by ultracentrifugal pro- 
cedures. The partition of enzymatic activity 
in these preparations has closely paralleled 
the distribution of virus infectivity of analo- 
gous materials measured in other work by titra- 
tion of the virus in susceptible host chicks. 
No evidence of the reaction was obtained with 
the plasma from normal chickens. These ex- 
periments demonstrate the specific relation- 
ship of the dephosphorylation of adenosine 
triphosphate with avian erythromyeloblastic 
leucosis and indicate that the activity is a 
property of the etiological virus. 


The authors are indebted to Dr. W. F. H. M. 
Mommaerts for his advice and helpful suggestions 
in the course of this work. 
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Are Foamy Cells in Atheromata of Reticulo-endothelial Origin? (19410) 


Pau N. Harris. 
From the Lilly Research Laboratories, Eli Lilly and Co., Indianapolis, Ind. 


Although plausible reasons have been ad- 
vanced for believing that cholesterol esters are 
carried into the atherosclerotic vessel wall by 
macrophages(1-3), more recent studies sup- 
port another view. Kuntz and Sulkin(4) con- 
cluded that foam cells of atheromata arose 
im situ from vascular endothelium, and in rab- 
bits with early atherosclerosis given India ink 
or lithium carmine intravenously thrice at 
2-day intervals they observed pigment gran- 
ules in foam cells in the liver and spleen, but 
not in atheromata. The interval between the 
last injection and death of the animals was 
not stated, but presumably was short. Duff 
and McMillan(5) gave Thorotrast to athero- 
sclerotic rabbits at intervals of 5 minutes to 
4 days before death. Thorotrast was found 
in foam cells in the superficial part of the 
plaques and in some endothelial cells over- 
lying the plaques. Simonton and Gofman(6) 
administered Thorotrast to rabbits, and sub- 
sequently began cholesterol feeding. Thorium- 
containing phagocytes in the liver and spleen 
engulfed India ink injected 24 hours before 
death. Radioactivity in atheromata was low, 
and the authors concluded that macrophage 
migration was not a significant source of foam 
cells of atheromata. 

In view of the brevity of the interval be- 
tween labeling of the reticulo-endothelial cells 
and death in the experiments cited, and since 
thorium-laden cells may perhaps migrate less 
readily than others, our experiments may be 
of interest. 

Methods. Atherosclerosis was induced by 
incorporation in the diet of young adult rab- 


bits of 3% of a 10% suspension of choles- 
terol in cottonseed oil. After 2 weeks, weekly 
intravenous injection of 3 cc of 17% Higgins 
India ink in normal NaCl solution was insti- 
tuted. The duration of cholesterol adminis- 
tration was as follows: one rabbit, 3 months; 
4 rabbits, 6 months; and one rabbit, 10 
months. Two control rabbits were given ink 
for 10 months. 


Results and discussion. There was a small 
intimal plaque in the ascending aorta of each 
control rabbit. The aorta of the rabbit that 
received cholesterol for 3 months was normal. 
The remaining animals had severe athero- 
sclerosis. The reticulo-endothelial cells of all 
rabbits were laden with carbon. Although 
cells with foamy cytoplasm were abundant in 
the atheromata, no carbon-containing phago- 
cytes were present. Albsence of pigmented 
phagocytes from the aorta of the controls 
should be expected, since Leary(1) stated that 
macrophages in man and in experimental 
animals in which a great variety of forms of 
particulate matter have been engulfed exhibit 
no tendency to invade arterial walls. 


While few animals were used, it was ob- 
vious that use of larger numbers would be 
futile. The results are more in accord with 
the view that cholesterol esters enter blood 
vessel walls by diffusion than with that that 
they are transported therein within migrating 
reticulo-endothelial cells. 


Summary. Atherosclerosis was induced in 
rabbits by administration of cholesterol while 
the reticulo-endothelial cells were being laden 
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with carbon. Carbon-laden phagocytes were 


not found in the atheromata. 


I am indebted to Messrs. John Owen and Henry 
West for technical assistance. 
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Comparative Blood Volume Changes in Anti-Platelet Serum Shock and 


Other Types of Shock.* 


(19411) 


W. O. Cruz, H. MoussatcHe, AND H. P. OLIverra. 
From the Departments of Haematology and Physiology, Instituto Oswaldo Cruz, Rio de Janeiro, 
Brasil. 


Haematological changes observed(1) in 
anti-platelet serum shock, have indicated that 
haemodilution occurred in this type of shock. 
It seemed desirable, therefore, to study changes 
in the absolute volumes of red cells and plasma, 
respectively. Studies are presented in this 
paper which show results in anti-platelet 
serum, histamine, trypsin and peptone shock. 

Methods. All experiments were done with 
dogs. Plasma volumes were determined by 
the injection of Evans blue dye (T-1824). 
Since radioactive substances were not avail- 
able, another method was employed(2) for 
the determination of total cell volume, using 
red blood cells with methaemoglobin. The 
amount of anti-platelet serum injected for 
inducing shock varied with the titer of the 
serum. 

Results. Table I shows plasma, red blood 
cell, and total blood volume determinations 
in different types of shock. In all observa- 
tions the total blood volume diminished in 
anti-platelet serum shock. Identical results 
were observed in histamine shock. These 
results are in agreement with those of other 
authors who have studied histamine and other 
types of shock. Increase of total blood 
volume was observed in 2 dogs shocked by 
trypsin; the significance of these data requires 
further study. 

Plasma volume diminished in all the ani- 
mals, except those shocked by trypsin, in 


* Aided by a grant from Dr. Guilherme Guinle. 


which it increased. The total red cell volume 
increased in both animals with tryptic shock, 
in one case of anti-platelet serum shock and 
in one of histamine shock. In all other 
observations (11 out of 16) the total red 
cell volume diminished (Table II). The ratio 
between the decreases of plasma and red cell 
volumes varied according to the type of shock. 
In anti-platelet serum shock the red cell vol- 
ume decreased more than the plasma volume. 
This occurred occasionally in histamine shock 
also, but generally the reverse was observed, 
i.e., a more accentuated decrease of the plasma 
than the red cell volume. 

When methaemoglobin-labeled red cells were 
injected after shock had been induced, a 
greater proportion of methaemoglobin re- 
mained in the circulation than when a com- 
parable amount of labeled cells were injected 
in normal animals (Table III). Since the 
number of labeled cells given before and after 
shock was not identical, a correction was used 
assuming that there was a linear relationship 
between the amount of methaemoglobin ad- 
ministered and that found in the peripheral 
blood. That such an assumption is valid is 
shown by the following experiment performed 
3 times on the same dog: 


Day of MetHb Circulating 
exp. inj. MetHb/100 g Hb 
1 1.5 3.6 
2 2.5 5.2 
3 5.2 10.3 


TABLE I, Absolute Values of Blood Volume Determinations Before and After Different Types of Shoek in 16 Dogs. 


© 


\ 
a) 
ERS 
v — 
SHimrotsann 
Soi be esas og 
a) 
To 
co Neal 
ion) 
fies ea nave te tas 
i Ssibescton 
Aer [SO 08 oo HS oH 
=a | 
= 
TV Ele corHone 
Souls eeess 
5S ry (mt Ae i oe | 
ao 
238 
na eine@roHndoa 
ROA BDAC AK 
Sita ao oo 
Aa | 
SOs 
' | 
= 1ele || 
Be eel 
gost | | | ute 
& 4S] { alt aa 
oo} 
So =} 
| 
isa) 
| 
| + Sp} 
Sth oD b= <H 
YS || | ladsie 
= 2 ea 
Nie * )e 
ris 
| 
Ss 
Ss 
Soe 
Gi Sao a1 0 
SE loa as SH od 
ca) 
ao] 
sS= 
(ea) 
Blenmaaas 
Sir aanrss 
Site Her = 
Se ie 
wat 
SEGSagRR 
SCIPS AwQanr 
Spr [MN St 8 Ho 
x pe 
ats ' 
foe 
Ses 
Son S(O Cl moO 
ZA etiscacann 
(SS [asd Ga oS od SH SH 
awh 
Sato 
{hic Set 
Soot tH o119 oo HK 
| Spies Hata x 
ovo. |} 
CE 
a 
4 2] 
Bait witog 
© 7S [oo oh.ct OO HH 
e 
Me 50 
tesa =) 
el aay 
D Psion SS oo dt 
| fr ga te 
oe) _ 
Panis 
a . 
S td |W 
o Y 
a, 2 | 
a 
Poon |< 
<a) 
| scone 
S iGO Oem a 
ce 
S) 
qa x 
ap| 68 co SH 1S 
=) 
a) 


Buioop VOLUME IN ANTI-PLATELET SERUM SHOCK 


Awnoeses 
Noonan 
CHRARDHO 
~-ORaMAaAK 
© op HH on oD 
S 19 19 & 
DHA Sw 
Saad 
$2 1 oD SH HH SO 
AHrKASD 
Mana A 4 
momar Hoa 
Ao Ho cn 


8.9 
8.3 


12.7 


14 
22 
Sie 


36 


939 
746 
560 


165 
285 
151 


581 
416 
409 


35 
26 


y 
27 


_ 
= 


aisaae ne 
Saornrs 
a 


46 


44 


31 


416 947 


bat 


40) 


ion} 


12.8 


46 


112 


qi 


13.8 


| a 
eS 
i 
= 
= |m 
ais 
Inia |B 
n 
Zz 

nS 


2100 
+o 
cn of 
| 
| 
| 
Soy | 
art 
Al os 
} 
| 
ete] 
we 


50 Ig mm, they were not computed in the analy 


5 


rt rca. 
oe ; | a2 
IS HS 
ts 
}o 
> 
ar|s 
19,00 | <2 
> 
Vaiss 
\og 
Jor Se 
SS |, 33 
10 |S By 
Ql ce oS 


e 
Hoa S| 
Beet 5 
mee S 
naales 
n 
Ras 
28 
a 
sa 
ID'S [TR pn 
S | =] 
nm )o s 
Wed 
eae 
|\a 2 
ce 
EES) 
a 
fal = 
neh ee aes 
j=4 
> aH 
Ried 
Koes) 
iNne|= a 
ene ss, 
1D | << 
Asstt 
SD 
2m 
Bel Ai 
jar 
i 8S |=) 4 
if 
\ 


457 


TABLE II. Percent Differences of Blood Volume 
Determinations Before and After Different Types 
of Shock in 16 Dogs. 
—ueaa————eeeeee 


Total body 
Dog Type ,——Blood volume——\ haematocrit 
No. ofshock Plasma Cells Total (%) 
cb TN ES —12 —30 —18 3 
2 —3 —62 —26 —50 
3 —4 -“—69 —37 —50 
4 —1l7 —62 —43 —33 
5* ope Tee Faas +26 
6 —13 —42 —21 —25 
ti H —3) +12) —28 +57 
8 —76 —l4. —49 +68 
9 —10 —56 —29 oo 
10 ok 24 —22 — 4 
11 —26 —55d —37 —30 
12 —44 os +39 
13 —44 —38 —4l1 +5 
14* ws ¥415 +13 -+-72 +10 
15 = 16 +32 +24 + 6 
16 P Ea ee een ie eo +294 


* See Table I. 


TABLE III. Circulating Methaemoglobin % (Ra- 
MHb X 100 


tio ) Before and After Different 


Hb 
Types of Shock, Supposing the Same Amount of 
MHb Were Injected in Both Instances. 


Ae Methaemo- 

S Bea S globin (%) ! 
a om Mehey Ex ~ sa 
o BS wees a's : = 
a ad 4235s Ma Z Ss 

1 AGES: 3.4 5.4 6.3 + 17 
2 2.3 4.3 10.7 +168 
5 233 2.8 7.9 +166 
4 2.8 2 D3 +165 
OF 5 4.7 d.1 + 6 
6 2.6 5.5 9.5 + 73 
7 H 2.9 6.4 7 + 9 
8 BT 9 9.1 + 1 
9 Be) 3.9 9.4 + 49 
10 3 8.2 11.2 4.37 
tak: 2.9 3.8 8.5 +124 
12 3.6 7.4 T.4 0 
LS 3.2 2.4 3.9 + 63 
14 7 2 4.2 BMD) — 17 
15 2.4 3.4 2.5 — 26 
16 P 3 2.6 2.7 area 


*See Table I. 


It is noteworthy that in anti-platelet serum 
shock, the proportion of circulating methaemo- 
globin was greater than that observed in other 
types of shock. A lesser proportion of cir- 
culating methaemoglobin was found in the 2 
animals with tryptic shock. 

Discussion. It is evident that the blood 
volume decreased in anti-platelet serum shock 
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(Table I) as well as in histamine and peptone 
shock as shown by others. Decrease in blood 
volume is one of the most common features in 
shock and has been found by many workers in 
several types of shock. There is no agree- 
ment on the mechanism of the decrease; one 
of the most widely accepted theories suggests 
leakage through the capillaries with loss of 
plasma. More recently, however, this theory 
has been criticized on the basis of the work 
of Fine and collaborators(3), who while study- 
ing shock induced by hemorrhage, burn and 
trauma observed stagnation of plasma within 
the capillaries in the peripheral blood. These 
authors found that after the injection, during 
deep shock, of a known amount of plasma 
tagged with radioactive substances (S, I, Br), 
the plasma volume determination was always 
less than that expected from the plasma vol- 
ume before shock plus the amount of plasma 
injected. After previous washing with saline 
to remove the tagged plasma from the vessels, 
these tissues showed no radioactivity, indicat- 
ing that no leakage of plasma occurred under 
the conditions studied. They described the 
situation picturesquely in these words: “If 
in the late phase of shock the peripheral blood 
is not in active circulation, in the same sense 
as the peripheral waters of a swamp through 
whose center a brook runs, are not in active 
circulation, complete mixing may not occur in 
the time interval allowed.” Regarding red 
blood cells, Gibson, Seligman, Evans and Fine 
(4) found that after the injection of red blood 
cells tagged with radioactive iron administered 
into animals in deep shock, the untagged and 
tagged red cell content of the tissues indicated 
that one fifth of the capillary blood becomes 
stagnant or trapped out of the active circula- 
tion. 


Our results, excepting in tryptic shock, in- 
dicated a decrease of both plasma and red cell 
volumes, the absolute changes varying accord- 
ing to the type of shock; in anti-platelet 
serum shock the red cell volume decreased 
more than the plasma volume, leading to an 
apparent striking hemodilution; on the other 
hand, in histamine and peptone shock the 
plasma volume decreased more than the red 
cell volume, leading to the classical hemocon- 
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centration described by others. The two ex- 
ceptions observed in the dogs shocked by 
histamine, where hemodilution was found, 
could perhaps be explained by the anemic 
condition of the animal, since it is known that 
the ratio between capillary and total body 
hematocrit is even greater in anemic than in 
normal dogs(5). Our observations in 2 dogs 
shocked by trypsin seem to indicate a con- 
dition peculiar to this type of shock, in which 
an unexpected increase of plasma and red 
cell volumes was found. These observations 
should be confirmed. 


Since hemolysis or hemorrhage did not 
occur during the phase of shock observed and 
the decrease of red blood cells of samples 
taken from great vessels occurs one or two 
minutes after the administration of anti- 
platelet serum(1), trapping seems to be a 
justifiable explanation of such rapid blood 
changes. The evidence presented by Fine and 
collaborators(4) for trapping of red blood 
cells in the peripheral bed, and of Chambers 
and Zweifach(6) for trapping of plasma, 
offers a new explanation of the mechanism of 
the changes in the relationship between red 
cell and plasma volumes. 

The results obtained by the injection of 
methemoglobin labeled red cells before and 
after the induction of shock (Table III) 
support the possibility of red blood cell trap- 
ping. A relative increase of the circulating 
methemoglobin, greater than would be ex- 
pected, was observed in all our experiments 
excepting in tryptic shock. 

These results make it clear that the deter- 
mination of the jugular hematocrit is far less 
significant than is usually accepted. Even the 
total body hematocrit is not enough to de- 
scribe the whole picture of the blood changes. 
For instance, dogs 13 and 15, respectively 
shocked by trypsin and histamine, both pre- 
sented practically the same blood concentra- 
tion (+6% and +59), notwithstanding the 
decrease of the red blood cell and plasma 
volumes in the animal shocked by histamine 
and the increase in red blood cell and plasma 
volumes in the animal shocked by trypsin. 
The different conditions in these two animals 
is clearly shown in Table III. The increase 
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of circulating red cells and plasma in dog 15 
is evident in the result of —26% below the 
expected methemoglobin figure, while dog 13 


shows plasma trapping in the result of +63% 
} ) 
{-\ 


above the expected methemoglobin value. 
Thus, it is incorrect to accept the occurrence 
of hemodilution or hemoconcentration from 
determination of the hematocrit of blood in 
the great vessels. On the contrary, the re- 
sults of these experiments indicated that dif- 
ferent concentration of red cells can occur in 
the vessels; hemoconcentration in the great 
vessels with hemodilution in some of the 
capillaries and vice versa. Thus to explain 
_the apparent hemoconcentration observed in 
the great vessels it is not necessary to assume 
extravasation of plasma or water nor to ex- 
plain hemodilution is it necessary to assume 
loss of red cells from the circulatory system. 
To explain hemodilution in the great vessels 
by trapping, presupposes the stagnation of 
hemoconcentrated blood in the capillaries of 
some regions of the body and vice versa for 
hemoconcentration. 


Summary. Total red blood cell volume 
(using red cells tagged with methemoglobin 
as a tracer) and plasma volume (using Evans 
blue dye T-1824) of dogs in different types 
of shock have been determined. Decreases 
in total red cell and plasma volumes have 
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been observed in anti-platelet setum shock. 
The decrease in the red cell volume was 
greater than of the plasma volume, while in 
histamine shock the reverse was observed. 
Assumption has been made that trapping of 
red cells explains the apparent hemodilution 
in the great blood vessels in anti-platelet 
serum shock. The degree of trapping of the 
red cells, was determined by the proportion 
of circulating methemoglobin before and after 
shock. Analysis of the results shows the 
greater importance of the consideration of 
absolute values of red cell and plasma vol- 
umes rather than the acceptance of results 
indicated by the hematocrit of the blood from 
the great vessels, for the interpretation of the 
pathogenesis of shock. 
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Experimental Porphyria. I. Isolation of Uroporphyrin I from Bone Marrow 


of Lead Poisoned 'Rabbits.* 


(19412) 


Rupr Scumip,t BARBARA HANSON, AND SAMUEL SCHWARTZ. 
(Introduced by C. J. Watson.) 


From the Department of Medicine, University of Minnesota Hospitals, Minneapolis, Minn. 


It is generally believed that lead interferes 
with hemoglobin synthesis. Associated abnor- 
malities in porphyrin metabolism, namely, the 

_ presence of increased erythrocyte protopor- 
phyrin and of urinary coproporphyrin III 


* This work was supported in part by the Atomic 
Energy Commission, Contract Nos. AT(11-1)-100 
and. AT(11-1)-108. 

+ Clinical Fellow of the American Cancer Society. 


have been repeatedly documented.: More re- 
cently, studies in this laboratory have revealed 
the occurrence of marked increases in the con- 
centration of coproporphyrin III in the bone 
marrow of lead-poisoned rabbits(1). In the 
course of these studies, large amounts of an 
ether-insoluble, uro-type porphyrin were 
found in the marrow of the same animals. 
The present report is concerned with the iso- 
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lation and identification of this latter por- 
phyrin. 

Experimental. The effect of lead on bone 
marrow and blood porphyrin concentrations 
has been studied in 23 rabbits. Five of these 
(No. 60, 93, 94, 95, and 96) were given single 
subcutaneous injections of 100 mg of lead 
acetate (63.7 mg of lead) per kg of body 
weight, and were killed for tissue porphyrin 
analyses 25 to 44 days later. Rabbits No. 
62, 64, 65, 77, and 88 were injected sub- 
cutaneously with 100 mg of lead acetate per 
kg 25 days prior to sacrifice and examination. 
For this period of 25 days, each rabbit re- 
ceived daily intravenous injections of an 
aqueous solution of 5 mg of crystalline ribo- 
flavin phosphate.+ Rabbits No. 62 and 88 
were also given daily intravenous injections 
of 500 mg of ascorbic acid. Two animals 
(No. 91 and 99) were repeatedly given small 
amounts of lead acetate intravenously over 
periods of several weeks prior to the examina- 
tion. The total of the injected lead acetate 
amounted to 85 and 100 mg, respectively. 
Eleven rabbits were given repeated  sub- 
cutaneous injections of phenylhydrazine (20- 
40 mg per injection) over periods of 6 to 45 
days. Total dosage ranged from 110-400 mg, 
On the day of the last phenylhydrazine ad- 
ministration they were injected intravenously 
with 20 mg of lead acetate per kg of body 
weight. Four animals (No. 105, 106, 210, 
and 214) were sacrificed 3 days later for 
blood and bone marrow porphyrin studies. 
Seven (No. 212, 213, 216, 219, 220, 221, and 
222) were sacrificed for study after 7 to 9 
days. After bleeding the animals the bone 
marrow of the long bones was recovered and 
the copro- and protoporphyrin extracted ac- 
cording to the method previously described 
(1). The ethyl acetate and glacial acetic acid 
extract was washed 3 times with 3% sodium 
acetate. In all instances the sodium acetate 
solution contained an ether insoluble uro-type 
porphyrin which was also insoluble in ethyl 
acetate and butyl alcohol at a pH of approxi- 
mately 6. Ata pH of approximately 4 (gray 
to congo paper), however, the uroporphyrin 


} Provided through the courtesy of Hoffmann- 
LaRoche Co. 
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was readily extracted from the aqueous solu- 
tion by either of the latter two solvents. ‘This 
difference in solubility was taken advantage 
of in further purification. The 3% sodium 
acetate extract containing the uro-type por- 
phyrin was acidified with acetic and hydro- 
chloric acids to a pH of approximately 4, and 
the porphyrin was extracted by ethyl acetate. 
For fluorimetry, the porphyrin was reextracted 
with 1.5 normal hydrochloric acid. 


Results. The important data are summar- 
ized in Tables T and Il in terms of porphyrin 
concentrations in »g per 100 ml of packed 
cells. No correction factor has been applied 
for the non-erythropoietic cells contained in 
the marrow. In several of the animals the 
liver and kidneys were also examined for por- 
phyrins. Since the amounts of uro- and copro- 
porphyrin found in these organs were insig- 
nificant compared with the values for the 
bone marrow, they are not included in these 
tables. Fluoromicroscopic examination of 
liver sections revealed essentially no red 
fluorescence, whereas the immature erythro- 
poietic cells of the bone marrow and the 
peripheral blood showed the typical bright red 
fluorescence of porphyrin(2-5). As seen in 
Tables I and IT, marked elevation of uro-type 
porphyrins were observed in the bone marrow 
of all lead intoxicated rabbits. In the cir- 
culating red cells, however, this porphyrin was 
found in significant amounts only in those 
rabbits pretreated with phenylhydrazine and 
killed shortly after administration of the lead. 
The administration of riboflavin with or with- 
out ascorbic acid had no significant effect on 
the results obtained. The values obtained for 
erythrocyte and bone marrow coproporphyrin 
and protoporphyrin are essentially similar to 
those previously reported for lead poisoned 
rabbits(1). It is seen that elevation of eryth- 
rocyte coproporphyrin occurred only in those 
rabbits with acute lead poisoning. 

As seen in Table I, the repeated adminis- 
tration of lead-acetate intravenously resulted 
in porphyrin concentrations similar to those 
observed in the rabbits given only a single 
subcutaneous injection of lead acetate. 

Isolation of uroporphyrin I from the bone 
marrow. ‘The bone marrow uroporphyrin has 


t 
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TABLE I. Erythrocyte and Bone Marrow Porphyrins in Rabbits with Chronic Lead Poisoning. 


—— Erythrocytes———_, 


in, 


———Bone marrow: 


Rabbit Uro- Copro- Proto- Uro- Copro- Proto- 
No. porphyrin porphyrin Remarks 
In pg per 100 ml cells sae lial «| 

60 0 5.9 233 37 522, 125 | 

94 0 lf 137 15 194 143 | 

93 0 12 157 28 246 105 | Subeutaneous 

96 0 13.8 348 147 490 337 | lead acetate 

95 0 2 165 69 121 100 | 

64 0 4.8 269 678 781 325 | 

65 ) 3.4 168 423 33 105 (f_. ibotavm 

77 0 4.8 235 160 319 135 | 

88 0 34.6 237 375 392 128 } Riboflavin and 

62 0 8.1 227 435 510 143 § ascorbie acid 

91 0 2 404 75 248 UKs A) Intrav. lead 

99 0 4.4 525 74 298 164 { acetate 

. 0 Fi) 83.3 ?tr 4.5 87.5 Normal control 
(.4-.6) (58-106) (1.7-8.6) (54-137) 


* Mean values for 3 normal control rabbits (No, 44, 51, 57). 


TABLE II. Erythrocyte and Bone Marrow Porphyrins in Rabbits with Acute Lead and 
Phenylhydrazine Poisoning. 


No. days ani- 


; Erythrocytes Bone marrow——-—_, mals killed 

Rabbit Uro- Copro- Proto- Uro- Copro- Proto- after lead 

No. porphyrin porphyrin acetate inj. 

In wg per 100 ml cells 

105 44 274 1410 118 OF 371 

106 ~ 31 488 942 141 1410 299 | 3 

210 149 587 1135 117 1056 252 

214 292 594 450 844 1018 339 

212 6.4 26.2 785 376 1782 328 

213 ier 9.8 527 59 440 247 

216 0 1.4 376 79 396 355 

219 3.4 3.4 198 443 903 960 } 1-9 

220 3.9 4.1 411 482 1303 409 

221 1.5 4.4 360 139 594 138 

222 70.3 321 1153 114 416 521 

% 0 60.5+41.5 137419 tr—4.1 68.5425. 110+44 Phenylhydra- 


zine control 


* Mean values for 2 control rabbits with phenylhydrazine anemia alone (No. 145 and 207). 


been crystallized on two occasions. All avail- 
able bone marrow from 3 rabbits with lead 
intoxication (No. 39, 71, and 74) was pooled 
and the uroporphyrin extracted and purified 
as previously described. It was esterified 
by mixing the final concentrate with approxi- 
mately 20 volumes of a solution of methyl 
alcohol-concentrated sulfuric acid (19:1). 
The methyl ester was taken into chloroform 


_and further purified by calcium carbonate 


chromatography as previously described(6). 
It was then crystallized from chloroform: 
methyl alcohol. The crystals had the charac- 
teristic hair-like form of uroporphyrin I 


methyl ester. The melting point was 278 to 
282°C (corrected) with formation of droplets 
at the latter temperature. The Soret band 
absorption maximum in chloroform solution 
(4060 A) was identical with that of purified 
uroporphyrin I methyl ester isolated from 
urine of a patient with congenital or erythro- 
poietic porphyria. From this it is evident that 
at least as far as the formation of this por- 
phyrin is concerned, the present findings de- 
serve the designation of “experimental por- 
phyria.” 

In a second experiment 8 rabbits with ex- 
perimental lead intoxication were given 90 mg 
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of phenylhydrazine in 3 divided doses over a 
period of 8 days prior to the examination. A 
pool of 55 g of bone marrow was obtained. 
Isolation and estimation of the different por- 
phyrins yielded the following values per 100 
g of marrow: Uroporphyrin, 458 pg; copro- 
porphyrin, 815 pg, and _ protoporphyrin, 
300 pg. 

Uroporphyrin I was again crystallized as 
the methyl ester. The melting point was 283 
to 286°C (corrected). The absorption maxi- 
mum in chloroform was again at 4,060 A, and 
the fluorescence spectrum maximum as deter- 
mined in a Steinheil analytical microspectro- 
scope was identical with that of uroporphyrin 
I methyl ester. 

The type III isomer was found to’constitute 
96% of the total coproporphyrin$ isolated 
from the bone marrow of these rabbits. It 
was crystallized in form of its methyl ester 
from chloroform:methyl alcohol. The charac- 
teristic rosette-form crystals were easily solu- 
ble in cold ether. 

Discussion. The presence of traces of uro- 
porphyrin has been reported in human urine 
(7,8) and tissues in post fetal life(9). The 
occurrence of larger amounts has generally 
been considered pathognomonic of porphyria. 
The normal occurrence in certain species such 
as the fox squirrel (Sciurus niger)(10), the 
turacos(11,12), and molluscs(13) has been 
well documented. The reported occurrence 
of traces of uro-type porphyrins in normal 
human urine and in a variety of experimental 
conditions will be considered in a separate 
communication. 

It is believed that this is the first report of 
the isolation of crystalline uroporphyrin under 
experimental conditions. The crystallization 
of the type I isomer of uroporphyrin from the 
bone marrow of lead-poisoned rabbits is es- 
pecially surprising, since the coproporphyrin 


§ Determined by the  fluorescence-quenching 
method (Schwartz, S. and co-workers, J. Biol Chem., 
1947, v168, 133). 
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isolated from the marrow and the urine of 
these rabbits is nearly all the type III isomer. 
The exact mechanisms responsible for this 
accumulation of two different isomer types are 
unknown. Further studies relating the above 
findings to human porphyria are described in 
the companion paper. 


Summary and conclusions. 1. Crystalline 
uroporphyrin I has been isolated from. the 
bone marrow of lead poisoned rabbits and 
found to be identical with uroporphyrin I iso- 
lated from the urine of a patient with photo- 
sensitive (erythropoietic) porphyria. 2. The 
bone marrow of rabbits with acute or chronic 
lead poisoning has been found to contain from 
15 to 844 pg of uroporphyrin I per 100 ml. 
3. In experimental lead poisoning, significant 
amounts of uroporphyrin are found in the 
circulating red blood cells only during the very 
acute stage. Erythrocyte coproporphyrin is 
likewise increased markedly only during the 
acute phase. 
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Experimental Porphyria. II. Type Produced by Lead, Phenylhydrazine 


and Light.* 


S. Scuwartz, M. Keprios, AND R. Scumtp.t 


(19413) 


(Introduced by C. J. Watson.) 


From the Department of Medicine, University of Minnesota Hospital, Minneapolis 


Glycine and acetate have been shown to be 
specific precursors of hemoglobin protopor- 
phyrin(1), and glycine at least, is a known 
precursor of the uro- and coproporphyrins ex- 
creted by patients with porphyria(2). In 
order to study the biological interrelationships 
of these compounds, it would be most useful 
to have available an experimental animal 
which produced and excreted large amounts of 
porphyrin. Such an animal might also serve 
as a valuable source of radioactive porphyrins 
following administration of C** labelled gly- 
cine or acetate. Turner has shown(3) that 
the fox squirrel (Sciurus niger), has a physio- 
logical porphyria. Preliminary studies with 
several of these animals indicated, however, 
that the practical difficulties involved in 

handling them limited their usefulness. Major 
attention was therefore directed at stimulating 
porphyrinuria in the rabbit, which has been 
shown to respond well to a variety of agents. 
Thus, for example, the repeated administration 
of phenylhydrazine to rabbits increases their 
urinary coproporphyrin excretion to nearly 
100 pg per day from control levels of approxi- 
mately 30 wg per day. Lead produces the 
most marked and most prolonged copropor- 
phyrinuria of any agent known(4), especially 
if the rabbit is exposed to sunlight or to light 
from a mercury lamp(5). Peak values of up 
to 800 wg per day have been observed follow- 
ing this treatment. Finally, Pimenta de Mello 
has recently shown that a photodynamic dye, 
Rose Bengal, given in conjunction with ultra- 
violet light increases the urinary copropor- 
phyrin excretion to approximately 100-300 pg 
per day(6). As regards previous attempts to 
induce porphyria in the rabbit it might be 


* Aided by grants from the Atomic Energy Com- 
mission, Contract Nos. AT(11-1)-108, and AT (11-1) 
-100, and from the Graduate School, University 
_ of Minnesota. Presented in part before the Central 
Society for Clinical Research, Nov. 2, 1951. 

t+ Clinical Fellow, American Cancer Society. 


noted that sulfonal has been reported to pro- 
duce an inconstant excretion of ether-insoluble 
porphyrin (? uroporphyrin) (7,8). No quan- 
titative data, however, are available, and this 
porphyrin has not been crystallized. The 
isolation of uroporphyrin I from the bone 
marrow of rabbits treated with lead alone or 
with phenylhydrazine plus lead is described 
in a companion paper(9). Although the 
present studies were undertaken both to ex- 
tend these tissue studies and to stimulate the 
urinary excretion of porphyrins to as marked 
a degree as possible, their most interesting 
result has been the production in rabbits of a 
temporary condition which has _ chemical 
features characteristic of human porphyria. 
It is the purpose of the present communication 
to describe the features of this experimental 
“porphyria” of rabbits. 

Methods. The recently described (‘5 ml’’) 
method(10) was employed for the determina- 
tion of urinary coproporphyrin. Since rabbit 
urine is normally alkaline, no sodium car- 
bonate preservative was used. Values ob- 
tained by this method averaged about twice 
those observed in duplicate samples which 
employed our previously used (“long’’) 
method. This is similar to our experience 
with human urine(10). Urinary uroporphyrin 
was determined in 5-10 ml samples of urine 
as follows: The urine was barely acidified 
with glacial acetic acid and heated in a boiling 
water bath for 30 minutes to convert uropor- 
phyrin precursors. Five ml of buffered acetic 
acid (4 volumes glacial acetic acid plus 1 
volume of saturated aqueous sodium acetate) 
and 30 ml of water were added and the solu- 
tion shaken well with 100 ml of ethyl acetate. 
The ethyl acetate was washed once with 30 
ml of 0.005% aqueous iodine solution and 
3 to 6 times with 30 ml portions of 3% sodium 
acetate (or until no further red fluorescence 
was extracted by the wash solution). The 
ethyl acetate, containing the coproporphyrin, 
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was discarded,+ and the washes were added to 
the initially extracted urine for further study 
of the uroporphyrin. Most of the data re- 
ported here employed the Sveinsson method 
(11) for further purification and concentra- 
tion of the uroporphyrin for fluorimetric 
analysis. Because variable and often consid- 
erable losses were encountered with this 
method another procedure has been employed 
more recently. The combined aqueous solu- 
tion was filtered through an approximately 5 
cm high and 2 cm wide column of aluminum 
oxide (Merck: for chromatography) to ad- 
sorb the uroporphyrin. The aluminum oxide 
was next washed with half-saturated sodium 
acetate solution until essentially no further 
blue-green fluorescence was removed as deter- 
mined by a blank reading by fluorimetry. 
Aiter further washing with about 20 ml of 
water, the uroporphyrin was eluted with 1.5 
N HCl, and its concentration determined 
fluorimetrically(10). Because the uropor- 
phyrin standards are relatively unstable, it is 
suggested that fluorimetric analyses be made 
by comparison with a standard solution of 
coproporphyrin which has been calibrated 
with freshly prepared solutions of uropor- 
phyrin. Data on the accuracy and limitations 
of this procedure will be described in a sepa- 
rate communication. It might be noted here, 
however, that there is considerable error at 
low levels of uroporphyrin concentration as 
found in normal rabbit urine because of non- 
specific blue-white fluorescence. At higher 
concentration levels (i.e., above approximately 
50 pg per day) a distinct red fluorescence is 
visible in the final hydrochloric acid eluate. 
The coproporphyrin isomer ratios were deter- 
mined by the previously described fluores- 
cence-quenching method(12). The presence 
of urinary porphobilinogen was ascertained by 
the chloroform insolubility of the Ehrlich- 
aldehyde compound(13). The further sepa- 
ration of the porphobilinogen into. two com- 
ponents is described in the experimental 
section. The tissue copro- and protopor- 
phyrins have been determined by the method 


+ Variable amounts of coproporphyrin were lost 
on boiling; hence a separate analysis of unboiled 
urine was employed for this porphyrin. 
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previously described(14). The uroporphyrin 
present in the initial 3% sodium acetate 
washes was analyzed by the methods described 
above for the urinary uroporphyrin. 


Experimental. A total of 69 rabbits have 
been treated with various combinations of 
phenylhydrazine, lead, Rose Bengal, and light. 
Twelve died within 24 hours after receiving 
lead intravenously. The following studies 
were made in the remaining rabbits: urinary 
porphyrins in 46, erythrocyte porphyrins in 
27, marrow porphyrins in 23, and liver por- 
phyrins in 10. Qualitative porphobilinogen 
reactions were studied in approximately 2a 
of the animals. 


1. Urinary porphyrins. Detailed studies 
will be described for Rabbit No. 1 to illustrate 
the treatment and results obtained. ‘These 
results are at least qualitatively typical of 
those observed in all rabbits given lead and 
other agents noted above. Rabbit No. 1 was 
injected with 20-40 mg of phenylhydrazine 
8 times over a period of one month. He was 
then injected intravenously with 20 mg of 
lead acetate per kg of body weight, his back 
was shaved, and he was at once exposed for 
30 minutes to unfiltered light from a CH-4 
mercury arc lamp. Following a one-day 
period of anuria his 24-hour urinary copro- 
porphyrin excretion rose to 1823 pg. Isomer 
analysis of this porphyrin showed it to be es- 
a 


URO 


COPRO 


MICROGRAMS PER DAY 


4/9 22 25 28 TINS a 7 10 
FIG. 1. Excretion of coproporphyrin and uro- 
porphyrin in a rabbit treated with phenylhydra- 
zine, lead and light. * 40 mg phenylhydrazine-HCl, 
subcutaneously (7 doses, 20-40 mg each, injected 
prior to 4/19). **40 mg phenylhydrazine- -HCl, 20 
mg lead acetate/kg body wt, and % hr light, ex- 
posure (CH-4 mercury lamp). +% hr light 
exposure. +- 20 mg lead acetate dnd Y% hr light 

exposure, 
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TABLE I. Peak Urinary Porphyrin Values in Different Groups of Experimentally Yreated 


Rabbits. 
Nie: ——Copro—pg/day— Uro—yng/day 
Group rabbits Range Mean Range Mean 
1. Normals 24* 14-86 4] 8—49 25 
2. R.B.t + light 7 58-158 86 9-38 23 
3. Phen.§ hl 29-118 78 14-104 40) 
4, Phen. + light 3 64-144 96 35-64 45 
5. Pb 6 301-773 465 —t 124 
6. Phen. ++ Pb 4 227-952 532 150-503 281 
7. Phen. + Pb + light 12 358-1823 726 36-3466 625 
8. Phen. + Pb + R.B. + light eth 429-1041 799 50-2280 466 


* Total of 39 individual analyses. 


Mean coproporphyrin value= 26 yug/day; mean uro- 


porphyrin value= 17 yg/day. As noted in text, the latter values are undoubtedly higher than 


the true values. 


t Combined analyses for uroporphyrin on only 2 rabbits. 


t+ Rose Bengal, 50-100 mg/kg intrav. 


§ Phenylhydrazine —HCl, 2-17 subcut. injections, 20-40 mg each, 


sentially all type III isomer. However, the 
major portion of the urinary porphyrin, 
amounting to 3466 wg, was unlike copropor- 
phyrin in- being insoluble in ether or ethyl 
acetate. This porphyrin was isolated as the 
methyl ester following purification by calcium 
carbonate chromatography(12). The long, 
wavy, hairlike crystals melting at 280-282° 
(corrected) established its identity as uropor- 
phyrin I, the same isomer which is present in 
the urine of patients with the erythropoietic 
(congenital or photosensitive) type of por- 
phyria(15). This was confirmed by decar- 
boxylation of the uroporphyrin and isolation 
of the resulting coproporphyrin I whose 
methyl ester had a melting point of 246-250° 
(corr.). Isomer analysis of the mother liquor 
indicated that it too contained only copro- 
porphyrin I. 

Daily analyses of the urinary copro- and 


‘uroporphyrin. were made with the results 


shown in Fig. 1. It will be noted that the 
uroporphyrin values, after rising sharply, fell 
rapidly while those of coproporphyrin fell 
more slowly. Secondly, it is seen that the 
administration of more phenylhydrazine, light 
or lead had relatively little further effect. 
Urinary porphyrin findings in the other 
rabbits are summarized in Table I in terms of 
the range of peak values and their means seen 
with each type of treatment. As shown in 
this table, markedly elevated values for both 
porphyrins have been observed only following 
the combined use of lead with the various 


other agents noted. Only moderate copropor- 


phyrinuria and inconstant increases in uropor- 
phyrin excretion were produced by phenyl- 
hydrazine, while administration of Rose 
Bengal plus light affected the excretion of 
only coproporphyrin. Because of the large 
spread of values within each group and be- 
cause of the many variables including differ- 
ences in age, sex, dose, and time of year, no 
attempt is made at this time to interpret too 
rigidly the differences between the various 
lead-treated groups. 

It should be pointed out that chromato- 
graphic analysis of the methyl esters of both 
porphyrin fractions revealed the presence of 
very small amounts of other unidentified por- 
phyrins. The analyses are therefore not en- 
tirely specific for copro- and uroporphyrins. 

The large majority of the urinary copropor- 
phyrin was excreted in the free form. This 
was established first by spectroscopic observa- 
tion, and secondly by the fact that about 90% 
of this porphyrin was extracted readily from 
ethyl acetate by 0.3 N HCl. The remaining 
porphyrin was clearly a metal complex, with 
absorption maxima at 538 and $78 mu. This 
was extracted by 1.5 N HCl. This behavior 
is characteristic of zinc-coproporphyrin. In 
several instances, the “native” coproporphyrin 
and its non-fluorescing precursor were deter- 
mined separately(16) in urine freshly re- 
moved from the bladder post mortem. The 
two were generally present in approximately 
equal amounts. 

On 2 occasions, rosette-like crystals charac- 
teristic of coproporphyrin III were isolated 
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from pooled samples of urine from several 
rabbits in groups 6-8 inclusive (Table I). 
Isomer analysis showed 89-98% of the total 
porphyrin to be the type III isomer. 


2. Urinary porphobilinogen. The presence 
of a strongly positive Ehrlich reaction was 
noted in the urine of the first rabbit and con- 
firmed in all rabbits studied subsequently. 
The red aldehyde compound formed was iden- 
tified as porphobilinogen because of its chloro- 
form insolubility, absorption spectrum (max- 
ima at about 528 and 566 mp$), and other 
properties as noted below. The porphobilino- 
gen from several of the rabbits was purified by 
aluminum oxide chromatography as follows: 1! 
An equal volume of acetone was added to the 
combined extracted urine (unboiled) and the 
3% sodium acetate washes of the ethyl ace- 
tate. This was filtered through a column of 
aluminum oxide (Merck: for chromatog- 
raphy) and the adsorbed porphobilinogen 
eluted with 3% acetic acid in water. When 
the eluate no longer gave a positive Ehrlich- 
aldehyde reaction, the column was washed 
with 35% acetic acid. A second Ehrlich- 
positive fraction was then obtained. The red 
aldehyde compound was not extracted by 
chloroform from either fraction. The second 
fraction, however, differed from the first in 
being completely extracted by N butyl al- 
cohol. This difference is not related to the 
difference in acetic acid concentrations since 
addition of acetic acid to the former eluate, 
or dilution of the latter with water does not 
alter this property. A similar separation has 
been observed in urine from a patient with 
intermittent acute porphyria. The signifi- 
cance of this porphobilinogen fractionation is 
being investigated further. No attempt has 
been made to estimate the amount of these 
porphobilinogens quantitatively. It was ap- 
parent, however, that their concentration was 
very low in the urine of rabbits treated with 
lead alone. In these rabbits the presence of 
porphobilinogen could be established with cer- 


§ Because the absorption bands are relatively broad 
and somewhat unstable, these measurements are to 
be considered approximate only. 

| The authors are indebted to Mr. Page Edmondson 
for his assistance in these studies. 
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tainty only after concentration and purifica- 
tion by aluminum oxide chromatography. The 
additional administration of the other agents 
described, however, resulted in definite por- 
phobilinogen reactions which persisted for sev- 
eral weeks. 

3. Tissue porphyrins. In addition to the 
urinary studies, we have been especially con- 
cerned with determination of porphyrin con- 
centrations in bone marrow, circulating red 
cells, and liver, because of the finding that the 
bone marrow appears to be the chief source 
of porphyrin in porphyria erythropoietica 
(congenital porphyria) whereas the liver 
seems to be the main source of localization of 
porphyrin in the hepatic forms of this dis- 
ease aS seen in acute intermittent and mixed 
porphyria(15). The companion paper (9) has 
discussed the effect of lead and of phenyl- 
hydrazine plus lead on bone marrow and red 
cell porphyrins. The general finding of ele- 
vated values has been confirmed for these two 
types of treatment. Highest bone marrow 
values have been found in 2 rabbits given Rose 
Bengal and ultraviolet irradiation in addition 
to phenylhydrazine and lead; coproporphyrin 
values of 1793 and 2084 pg per 100 g were 
observed respectively, while the uroporphy- 
rin concentration in one rabbit was over 1500 
pS Jo. . 

There was considerable variation in the 
amount of porphyrin in the bone marrow and 
circulating erythrocytes in different rabbits 


TABLE Il. Erythrocyte Coproporphyrin Concei- 
tration (ug %) in Rabbits Treated with Phenyl- 
hydrazine, Lead, and Light (Autumn, 1951).* 


Rabbit No, ——————_—_, 


56 2c S9do BL 63 one 


Day 65+ 66t 
Al} 5 ia) if — — 10 — 
2 pL! -— 13 6 10 —— 9 
3 24 76 26 — — 7 -- 
4 21 11 20 nla 13 —- 4 
5 —- — a5 ea. pes 3 les 
6 14 11 6 6 4 —- — 
9 4 2 3 


* Avg value in 13 normal rabbits = 2.6 we %. 

+ A single injection of 30-40 mg lead acetate IV 
on day 0 followed repeated subcut. inj. of phenyl- 
hydrazine. The other rabbits were exposed, in ad- 
dition, to unfiltered light from a CH-4 mercury 
lamp. No more than trace amounts of ethyl ace- 
tate insoluble porphyrin was noted in any instance. 
Analyses were performed on red cells from 6-9 ml 
of whole blood. 


TABLE III. Brythroeyte Protoporphyrin Concen- 
tration (ug %) in Rabbits Treated with Phenyl- 
hydrazine, Lead, and Light (Autumn, 1951).* 


1) Renae 


1 183 155 OO 5 
2 igi 097 8179) 210 + 9 378 
3 SiGHM OS MEMOS Tai BAG, 
He O1OM peo abo. 864. 05355 °° =. 444 

5 ep lak EE Se): aaa 

6 SoS UMERNGG a) 4boF 827.0 Se 
9 533 343 321 


* See Table II for protocol. 
Avg value in 13 normal rabbits = 54 ug %. 


treated similarly. In general, erythrocyte 

coproporphyrin values were much lower in the 

autumn of 1951 than in the spring. As noted 
previously(9), highest values were observed 
during the first 3-4 days after administration 

of lead, as shown in Tables II and III. 

In this regard it is of interest to note that 
Sumegi and Putnoky(17) described increased 
porphyrinuria in lead-poisoned rabbits in the 
spring but not in the autumn, and Seggel(18) 
described a similar phenomenon for fluoroes- 
cytes in lead-poisoned rabbits. This possible 
seasonal relationship deserves further inves- 
tigation. 

j Fluorescence microscopy study of fresh un- 
stained smears of bone marrow revealed the 
presence of numerous red-fluorescing cells on 
exposure of the smear to the 405 my light 
from an AH-6 mercury lamp. These studies 
will be described in more detail elsewhere. 

, Two rabbits have been injected with gly- 
cine-2-C'* following treatment with phenyl- 
hydrazine, lead, Rose Bengal, and ultraviolet 
light. Results of these isotopic studies will 
be described elsewhere. Among the most in- 
teresting findings was the separation of 7 red- 
fluorescing zones on chromatography of the 
esterified bone mdrrow porphyrins. Here too, 
then, the analytical separation of the por- 
phyrin into copro-, uro-, and protoporphyrins 
is not entirely specific. 

y Complete liver porphyrin analyses have 

been performed in but 10 instances. In no case 

have more than trace amounts of uroporphyrin 
been found. The coproporphyrin concentra- 
tions were generally normal, being elevated 
above 20 wg % in but one instance; a value 
of 268 pg % was observed in a rabbit treated 
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‘and chemical features. 
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with phenylhydrazine, lead, Rese Bengal, 
and ultraviolet light. This rabbit died during 
the night, 12-20 hours after treatment. All 
other analyses were made at least 2 days after 
administration of the lead. 


Discussion. The excretion of uroporphyrin 
has generally been considered abnormal, due 
as Garrod termed it, to an “inborn error of 
metabolism” (19). Recently, however, Nich- 
olas(20) and others have renewed Fischer’s 
earlier claim(21) that traces of a uro-type 
porphyrin are present normally in human 
urine. We have confirmed this finding in 
urine from normal rabbits, rats, and dogs, but 
have not isolated the porphyrin in crystalline 
form. 


As pointed out in the previous section, 
phenylhydrazine alone may increase the urin- 
ary excretion of uroporphyrin, while much 
greater increases are observed following treat- 
ment with lead and ultraviolet light. It is not 
unlikely, too, that methods now available will 
demonstrate increased amounts of uropor- 
phyrin in a.wide variety of clinical conditions, 
If the presence of uroporphyrin remains the 
decisive criterion in the diagnosis of por- 
phyria, one might ask, “At what concentration 
level shall we place the dividing line in de- 
fining porphyria?” Actually, it would seem 
that this diagnosis is best based on the simul- 
taneous presence of certain specific clinical 
Hence the tentative 
use of ditto marks around “porphyria” in the 
title of the report, though from a purely 
chemical point of view the characterization of 
this experimental condition as porphyria is not 
an unreasonable one. We have thus far made 
no Clinical studies except to note that several 
of the rabbits have developed paresis or pa- 
ralysis of the hind limbs. Whether this is 
related only to the plumbism rather than the 
“porphyria” is not clear. 

It will be noted that these rabbits exhibit 
certain features of each of the three types 
of human porphyria. They resemble cases of 
erythropoietic (“congenital” or “photosensi- 
tive”) porphyria in excreting uroporphyrin I, 
mainly in the free form rather than the zinc 
complex, and in showing high concentrations 
of porphyrin in the bone marrow with rela- 
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tively little in the liver. On the other hand, 
they are like cases of ‘intermittent acute” and 
“mixed” forms of hepatic porphyria in exhibit- 
ing a positive porphobilinogen — reaction 
(though the porphobilinogen reaction is some- 
times negative in mixed porphyria) and in 
excreting coproporphyrin which is predomi- 
nantly the type III isomer. Their urine also 
contains increased amounts of urobilinogen 
for several days after administration of lead. 
They thus show evidence of liver dysfunction 
which is also present characteristically in cases 
of “mixed” porphyria. 

Like erythropoietic or congenital porphyria 
patients with splenomegaly and hemolytic 
anemia, the rabbits have a hemolytic anemia 
due to phenylhydrazine, with associated stim- 
ulation of erythropoiesis and porphyrin pro- 
duction. The inhibited hemoglobin synthesis 
produced by lead, when superimposed on 
this stimulated porphyrin production, seems 
to be the important factor in causing the ob- 
served outpouring of urinary porphyrins and 
porphobilinogen. 

Summary and conclusions. Treatment of 
rabbits with phenylhydrazine, lead, and light 
has been found to produce a_ temporary 
condition which is chemically similar to por- 
phyria in humans. The following features are 
similar to those observed in human porphyria 
erythropoietica. a. Uroporphyrin I is excreted 
in the urine. Values of up to 3466 xg per day 
have been observed. b. The major portion of 
the urinary porphyrin is excreted as the free 
form rather than as the zinc complex. c. Bone 
marrow uro- and coproporphyrin values were 
elevated to 1500-2000 ug % as compared to 
normal values of approximately 0 and 5-10 
ng % respectively. d. Liver porphyrin con- 
centrations are generally normal. 

The following chemical features are char- 
acteristic of porphyria hepatica. a. The 
urinary porphobilinogen reaction is positive. 
This porphobilinogen has been fractionated 
by aluminum oxide chromatography into 2 
components. The aldehyde of only one of 
them is extractable by N butyl alcohol. b. 
The increased excretion of urinary copropor- 
phyrin is nearly all due to the type IIT isomer. 
Values ranging up to 1823 pg per day have 
been observed. 


The authors are indebted to Dr. C. J. Watson for 
his helpful support and encouragement of these 
studies. 
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Ineffectiveness of Lyxoflavin as an Antithyrotoxic Factor for the Rat. 


(19414) 


BENJAMIN H. ERsSHOFF. 


From the Emory W. Thurston Laboratories, Los Angeles, Calif. 


Available data indicate that water-insoluble 
liver residue contains a factor(s) distinct 
from any of the known nutrients (including 
vit. B,2) which is effective in prolonging sur- 
vival and counteracting the growth retardation 
and gonadal inhibition of immature rats fed 
massive doses of thyroid in conjunction with 
a purified ration containing casein as the 
dietary protein and sucrose as the dietary 
carbohydrate(1-4). Recent findings by Emer- 
son and Folkers(5) indicate that lyxoflavin 
was as effective as liver residue in promoting 
growth in hyperthyroid rats fed a soybean- 
meal-dextrose-containing diet. In the present 
communication data are presented on the 
comparative effects of lyxoflavin and liver 
residue on the gain in body weight, survival 
rate and gonadal weight of immature hyper- 
thyroid rats fed a purified casein-sucrose-con- 
taining ration. 

Procedure. The basal ration employed in 
the present experiment consisted of sucrose, 
73.0% ; casein,* 22.0%; salt mixture,t 4.5%; 
and U.S.P. desiccated thyroid,+ 0.5%. To 
each kg of’the above were added the follow- 
ing synthetic vitamins: thiamine hydro- 
chloride, 72 mg; riboflavin, 9 mg; pyridoxine 
hydrochloride, 15 mg; calcium pantothenate, 
67.2 mg; nicotinic acid, 60 mg; 2-methyl- 


___ naphthoquinone, 5 mg; and choline chloride, 


1.2 g. Each rat also received 3 times weekly 
the following supplements: cottonseed oil 
(Wesson) 500 mg, alpha-tocopherol acetate 
1.5 mg and a vit. A-D concentrate$ containing 
50 U.S.P. units of vit. A and 5 U.S.P. units 
of vit. D. In addition to the basal ration the 
following diets were also employed, consisting 
of basal ration plus each of the following 


* Vitamin Test Casein, General Biochemicals, Inc. 

+ Hubbel, Mendel and Wakeman Salt Mixture, 
General Biochemicals, Inc. 

} Thyroid Powder, U.S.P., Armour and Co. 

§ Nopco Fish Oil Concentrate, assaying 800000 
US.P. units of vit. A and 80000 US.P. units of vit. 
D per g. 


supplements: 1) 30 mg lyxoflavin|!/kg of diet 
2) 100 mg lyxoflavin/kg of diet, and 3) 10% 
liver residue powder, added in place of an 
equal amount of sucrose. A control ration 
was also employed consisting of the basal 
ration with thyroid omitted and replaced by 
an equal amount of sucrose. Sixty female 
rats of the Long-Evans strain were selected at 
22 to 25 days of age and an average weight 
of 45.9 g for the present experiment. Animals 
were kept in metal cages with raised screen 
bottoms to minimize access to feces and were 
fed the above diets ad libitum (20 rats on the 
basal ration; 10 rats on each of the other 
diets). After 60 days of feeding surviving 
animals were autopsied, and ovarian, adrenal 
and ventricular weights determined. Results 
are summarized in Table I. 


Results. In agreement with earlier findings 
body and gonadal weight and length of sur- 
vival were significantly reduced in thyroid- 
fed rats on the purified basal ration, whereas 
the ratio of adrenal and ventricular weight per 
100 g body weight was increased, Supple- 
ments of lyxoflavin at a level of 30 mg or 100 
mg per kg of diet were without significant 
effect either on gain in body weight, survival 
rate, ovarian weight or the ratio of adrenal 
and ventricular weight per 100 g body weight. 
Liver residue, on the other hand, completely 
counteracted the retardation in body and 
gonadal weight, increased the survival rate, 
and significantly reduced the ratio of adrenal 
and ventricular weight per 100 g body weight. 
It is apparent from these findings that under 


|| We are indebted to Dr. Karl Folkers of Merck 
and Co. for the crystalline lyxoflavin employed. 

| Extracted liver Residue (Lot No. 72638), Wilson 
Laboratories. This liver fraction consists of the 
coagulated, water-insoluble material remaining after 
the removal of the extractable water-soluble sub- 
stances. Considerable variation has been observed 
in this laboratory in the antithyrotoxic activity of 
different batches of commercially available liver resi- 
due. 
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TABLE I. Comparative Effects of Lyxoflavin and Liver Residue on Gain in Body Weight, Survival 
Rate and Organ Weights of Immature Hyperthyroid Rats (20 Rats on the Basal Ration; 10 Rats on 
Hach of the Other Diets). 


Avg gain in body Adrenal Ventric- 
Supplements Initial wt, g, on: wt, Ventrie- ular wt, 
fed with body , , Surviv- Ovarian Adrénal mg/100g ularwt, mg/100¢ 
basal ration wt,g 28thday 60thday ing,% wt,mg wt,mg body wt mg body wt 
None 46.4 52.3 67.5 40 21.4 47.1 41.7 850 752 
(12) (8) 
Lyxoflayin, 30 46.1 56.8 75.7 50 21 51.2 41.8 982 801 
mg/kg of diet (7) (5) 
Lyxoflavin, 100 46.6 53.4 81.5 20 28.6 64.8 48.3 980 731 
mg/kg of diet (7) (2) 
Liver residue 44.8 101.6 159.4 80 54.6 59.6 26.6 958 467 
(10) (8) 
Basal ration 45.2 90.2 152 100 47.3 44.5 22.9 658 338 
without (10) (10) 
thyroid 


Values in parentheses indicate number of animals which survived and on which averages are based. 


conditions of the present experiment the 
antithyrotoxic activity of lyoflavin was not 
equivalent to that of liver residue. No data 
are available to indicate what factors are re- 
sponsible for the diverse results obtained by 
Emerson and Folkers(5) and the present in- 
vestigator. It is well established, however, 
that differences in the carbohydrate, protein 
and fat components of a diet exert a profound 
effect on the nutritional requirements of the 
hyperthyroid rat(6). The above investiga- 
tions differed not only in the carbohydrate, 
protein and fat components of the diet but in 
the mineral and vitamin content as well. Dif- 
ferences also existed in the sex and strain of 
experimental animal employed. These differ- 
ences may have contributed to the diverse re- 
sults reported above. 

Summary. Experiments were conducted on 
the comparative effects of lyxoflavin and liver 
residue on the gain in body weight, survival 


rate and ovarian weight of immature hyper- 
thyroid rats fed a purified ration containing 
casein as the dietary protein and sucrose as 
the dietary carbohydrate. Liver residue pro- 
longed survival and completely counteracted 
the retardation in body and gonadal weight 
observed in thyroid-fed rats on the purified 
basal ration. Lyxoflavin was without sig- 
nificant effect. 


1. Ershoff, B. H., Arch. Biochem., 1947, v15, 365. 
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Nutrition Symposium Series No. 3, 1951; The Na- 
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Effect of Soya “Lecithin” on Number of Clostridia in Rat Feces. (19415) 


F. W. BeRNHART, G. T. DURBIN, ELIZABETH LINDEN, J. B. HASSINEN, AND 
R. M. ToMareELti. 


From the Research Laboratories, Wyeth Inc., Mason, Mich. 


Recent studies with farm animals(1) and undesirable. 


rats(2) have indicated that the putrefactive 
microorganisms of the intestinal flora may be 


The dietary inhibition of putre- 
factive intestinal microorganisms has been 
accomplished by feeding lactose and dextrins 


of antibiotics to the feed(1). 


(3), low levels of protein(4), and by addition 
Voet(5) re- 
ported that administration of lecithin to pa- 
tients caused a decrease in odor of the feces. 


_ After confirming the observation in this lab- 


oratory by feeding soya “lecithin” to normal 
human subjects a study was made with rats 
to find out if the decrease in odor was due to 
changes in the intestinal flora. The present 
report describes an effect of soya phosphatides 
in reducing the number of clostridia in rat 
feces. 


Experimental. Rats of the Sprague-Dawley 
strain maintained at constant temperature 
(25°C) in individual cages were fed ad lib. 
Twice a week, the diets were supplemented 
with 2 drops of oil concentrate containing vit. 
A (15,000 u), vit. D (2200 u), and a-toco- 
pherol (10 mg) per g. Freshly dropped feces 
from individual rats were picked from blotting 
paper pads placed under the wire bottom of 
the cage. One g samples were added to 99 ml 
of sterile distilled water contained in dilution 
bottles and shaken mechanically for at least 
a half hour. From this 1-10? dilution further 
dilutions of 1-10* and 1-10° were made and 
plated on Wilson-Blair(6) medium. This 
medium has been used for the estimation of C. 
perfringens in water(6), soils(7), wounds(17), 
and feces(1). One ml of the dilution was pipet- 
ted into a Petri dish and thoroughly mixed with 
15-20 ml of the warm dextrose-sulfite-ferric 
chloride agar. After the agar had hardened, 
a thin top layer of dextrose agar was poured. 
After 20 hours of anaerobic incubation at 
35°C, the black colonies were counted. 
Brewer Jars containing 90% No» and 10% 
COz were used for maintenance of anaero- 
biosis. The crude soya “lecithin”* containing 
2/3 crude phosphatides and 1/3 soybean oil 
was homogenized into skim milk supplying an 
equal weight of solids and spray dried; hence 
the dried “lecithin” compound used in the 
preparation of diets contained 50% skim milk 
solids, 33% phosphatides and 17% soybean 
oil 


Results. In a preliminary experiment, 


~ the soya “lecithin” 50% skim milk 50% 


compound was fed at a 25% level in a Rock- 


* A. E. Staley Co., Decatur, Ill. 
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land Rat Diet.t After 6 and up to 24 days on 
the “lecithin” diet the average Wilson-Blair 
plate count (5 rats, 30 determinations) per g 
of feces was 8,000; the range was from nega- 
tive plates at 1-100 dilution to a maximum of 
38,000. Parallel determinations on the con- 
trol diet averaged 12 million with a range from 
negative at 1-100 dilution to a maximum of 
159 million. The feces of the “lecithin” fed 
group contained on the average only about 
1-1000th of the number of clostridia present in 
the feces of the control group. However, the 
low counts present in the feces of some mem- 
bers of the control group obscured the sig- 
nificance of the data and so control diets were 
sought which would result in high count in all 
rats. 

A diet of horsemeat was found to increase 
consistently the Wilson-Blair plate counts of 
the feces from 3-30 (avg 13) millions per 
g(4). Addition of 12.5% skim milk powder 
to the horsemeat increased the fecal counts 
to higher levels 30-90 (avg. 57) million per 
gram. Addition of 12.5% soya “lecithin” to 
the skim milk-horsemeat diet. reduced the 
clostridia counts after one week of feeding and 
during a period of 5 weeks (40 determina- 
tions on 5 rats) to an average of 200,000 
colonies per g, approximately 1-300th of the 
control values. 

To confirm these results, to find out about 
the reversibility of the effects, and also to 
obtain information about the constituents of 
soybean lecithin responsible for the decrease 
in clostridia, the following experiment was 
conducted. Forty male weanling rats were 
fed the horsemeat-skim milk diet for 24 days. 
The 30 rats having the highest fecal clostridia 
counts as determined by 2 counts during the 
last 2 weeks of this period were divided into 
6 groups, 5 rats per group. Diets having the 
composition listed in Table I were then fed. 
From the data of Scholfield e¢ al.(8) the 
amounts of choline and inositol supplied by 
diet L were calculated and these amounts 
were added in diets Ch, I, S, and M,. Diets 
containing these components of “lecithin” 
phosphatides were tested because of their pos- 
sible influence on intestinal flora. Inositol has 


+ Afcady Farms Milling Co., Chicago, IIl. 
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TABLE I. Composition of Diets Fed (g/kilo). 


Cc ise 
Horsemeat 875 750 
Skim milk solids 125 125 
Crude phosphatides — 83 
Soybean oil = 42 
Choline — — 
Inositol — — 


S Ch I M, 

833 872 872 827 

125 125 125 125 
2 alt ish 2 
= 2.75 aes 2.75 
<3 = 3.25 3.25 


* Diet prepared by using 25% ‘‘lecithin’’ compound described in text. 


TABLE II. Clostridia Count of Feces of Rats Fed Various Diets (Millions/g of Feces). 


; Dates . 
Diet* Determina- — 
changes tions 1 2 
8/27 C Cc 
9/12 34 16 
20 26 aa 
Avg 30 30 
10/2 C L 
10/9 93 95 
16 115 4.6 
23 22 1.2 
30 100 0 
11/6 65 3 
13 10 0 
20 at 
41/22 C Cc 
11/27 66 47 
12/3 39 33 
12 34 81 
12/12 Cc L 
8 25 QF 
26 35 006 
12/27 By 
1/7 43 


Group No, 


5 4 5 6 

C C C C 
40 22 9 43 
20 38 51 17 
30 30 30 30 

Ss Ch x M, 
95 182 130 60 
i | 88 86 76 

AY: 23 60 37 
11 14 114 13 
74 44 126 44 
31 15 72 25, 
13 19 57 11 
M, M, M, is 
42 38 42 3 
35 46 59 .014 
i9 76 By) 91 
L L i L 

47 BA; 24 01 
20 004 .012 83 

C C Cc Cc 
58 48 58 56 


= Composition of diets listed in Table I. 


been shown to change intestinal flora(12). 
The average fecal plate counts of the rats 
obtained as the result of feeding these diets 
are shown in Table II. 

Inspection of data of Table II shows that 
only diet L containing soya phosphatides 
caused a significant reduction of the fecal 
clostridia counts. The average number of 
clostridia organisms per g in the feces of rats 
fed diet L (250,000) was about 1-200th of the 
average number present in the feces of the 
control group (47 million). In 90 determina- 
tions of the feces of “lecithin”-fed rats nega- 
tive plates at 1-100 dilution occurred 22 times. 
The highest counts observed were 3 and 4 
million, both occurring in one rat of Group 6. 
In the other 24 rats no values over 1 million 
were observed. The effect of dietary soya 
phosphatides in reducing the fecal cloStridia 


count appeared as early as the 5th day of 
feeding, reached maximum after 2 weeks and 
was maintained during administration for as 
long as 30 days. The effect was reversible; 
removal of the phosphatides from the diet 
caused the fecal counts to rise to control 
values. 

In a continuation of the study it was found 
that addition of ethanolamine either to the 
control diet (11 g/kg) or to diet M, (2.7 g/ 
kg) resulted in no change of fecal clostridia 
counts from control values. Colonies picked at 
random from plates from both the control and 
“lecithin” fed groups when inoculated into 
milk resulted in stormy fermentation in 98 
out of 135 trials. This result indicates the 
predominating species present was C. perfrin- 
gens(9). 

Attempts to demonstrate an in vitro effect 


of soybean “lecithin” phosphatides on clos- 


tridia cultures were unsuccessful as were at- 


tempts to demonstrate an inhibitory factor 


towards clostridia organisms in the feces of 
the rats fed soya “lecithin.” No significant 


differences in the pH of the feces of the rats 
- on the different diets was observed. 


Studies were also made of the effect of the 
diets on the numbers of fecal coliform and 
proteus organisms, The number of fecal coli- 
form organisms was estimated by EMB 
media plate counts(10). The average fecal 


‘'EMB counts on the “lecithin” diet (0.8 mil- 


lion/g) were about %4 of the average counts 
(3 millions/g) on the control diet. Estima- 
tions of the numbers of proteus in the feces 
were made with ricinoleic acid media(11). 
The average number of proteus per g in the 


_ feces of the control group and “lecithin” group 
was 25000 and 85000 respectively. 


Discussion. The addition of penicillin and 
terramycin to pig and turkey diets results in 


_ increased growth accompanied by a great re- 


duction of the number of clostridia organisms 
in the cecal contents and feces(1). Clostridia 
have been implicated as the cause of entero- 
toxemia in sheep(12), “6 day disease” of 
chicks(13), and gastrointestinal disease in 
humans(14). Clostridia are present in the 
feces of artificially fed infants in large num- 
bers but are absent in the feces of breast fed 
children(15). Clostridia counts are higher in 
older adults(16). Administration of soybean 
“lecithin” with a consequent long lasting re- 
duction of the numbers of intestinal clostridia 
may be a method for evaluating the effect of 


_ these organisms on growth and in disease. 


Summary, The feces of rats fed a diet of 
horsemeat or horsemeat and dried skim milk, 
regularly contained a number of anaerobic 
micro-organisms which form black colonies on 
Wilson-Blair medium plates. These organisms 
were presumed to be mainly clostridia, es- 
pecially C. perfringens. Addition of a soy- 
bean “lecithin” compound (soybean “lecithin” 
homogenized in skim milk and dried) supply- 
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ing 8.3% phosphatides to a horsemeat-skim 
milk diet greatly reduced the clostridia count 
of the feces. Under the same conditions, the 
addition to the diet of soybean oil, choline, 
inositol or ethanolamine singly or in combina- 
tion at the same levels supplied by the soybean 
“Jecithin” compound resulted in no significant 
change in the number of these organisms. 
Therefore, the reduction in fecal clostridia 
count observed on addition of soybean lecithin 
to the diet was probably due to one or more 
of the soybean phosphatides. 


1. Sieburth, J. McN., Gutierrez, J., McGinnis, J., 
Stern, J. R., and Schneider, B. H., Proc. Soc. Exp. 
Brot. anD Mep., 1951, v76, 15. 

2. Gyorgy, P., Stokes, J., Smith, W. H., and Gold- 
blatt, H., Am. J. Med. Sci., 1950, v220, 6. 

3. Bergeim, O., J. Biol. Chem., 1924-25, v52, 49. 

4. Cannon, P. R., J. Inf. Dis., 1921, v29, 369. 

5. Voet, Quoted in “Lecithin”, R. Kunze, Edwards 
Bros., Ann Arbor, 1945. 

6. Wilson, W. J., and Blair, E. M. M’V., J. Path. 
Bact., 1924, v27, 119. 

7. Skinner, C. E., and Baskin, A. H., Proc. Soc. 
Exp. Biot. anD Mep., 1932, v29, 551. 

8. Scholfield, C. R., Dutton, H. J., Tanner, F. W., 
Jr., and Cowan, J. C., J. Am. Oil Chem. Soc., 1948, 
v25, 368. 

9. Breed, R. S., Murray, E. G. D., and Hitchens, 
A. P., Bergey’s Manual of Determinative Bacteriology, 
6th Ed., 1948, Williams and Wilkins, Baltimore. 

10. Standard Methods for Examination of Dairy 
Prod. 9th Ed., Am. Pub. Health Assn., New York, 
1948. 

11. Zarett, A. J., Doetsch, R. N., and Hansen, 
P. A., J. Bact., 1949, v57, 266. 

12. Merchant, I. A., Veterinary Bacteriology, 3rd. 
Ed., Ames, Iowa State College Press, 1946. 

13.. Lindley, D. C. and Kunha, T. J., J. Nut., 
1946, v32, 47. 

14. McGaughey, C. A., Vet. Rec., 1944, v56, 508. 

15. Morris, G. B., Porter, R. L., and Meyer, K. F., 
J. Inf. Dis., 1919, v25, 349. 

16. Olsen, E., Studies on the Intestinal Flora of 
Infants, Copenhagen, Ejnar Munksgaard, 1949. 

17. Lyons; C., and Owens, C. R., J. Bact., 1942, 
v43, 685. 


Received January 31, 1952. PS.E.B.M., 1952, w79. 


474 


Respiration and Anaerobic Glycolysis of Transplanted Cartilage.* 
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Current knowledge concerning the viability 
of costal cartilage following transplantation 
has been derived primarily from static gross 
and histologic studies. Reports on the 
metabolism of these grafts are entirely lack- 
ing. The present investigation was therefore 
undertaken in order to study and compare the 
respiration and anaerobic glycolysis of fresh 
costal cartilage with that transplanted to an- 
other area in the same animal (autografts), as 
well as between different animals of the same 
species (homografts). 

Material and methods. Non-littermate, 
female albino rabbits, approximately 3 months 
of age and 2 kg in weight, were selected for 
these studies. Costal cartilage was removed 
from the donor rabbits under aseptic condi- 
tions, carefully stripped of perichondrium and 
embedded subcutaneously in the abdominal 
wall of the recipient animals (53 autografts 
and 53 homografts). The grafts were re- 
moved at intervals of 7, 11, 15,-30, 60, 90, 
120, and 150 days following transplantation. 
Generally, at least 3 transplants were tested 
at each of the specific time periods. A series 
of 20 determinations on costal cartilage imme- 
diately following its removal from donor ani- 
mals served for the comparison of fresh with 
transplanted tissue. Respiration and anaero- 
bic glycolysis were studied by standard mano- 
metric methods. After the removal of any 
adherent connective tissue, the cartilage was 
sliced in cross-section to a thickness of 0.3 mm 
by means of a modified microtome and ap- 
proximately 250 mg was placed in each flask. 
The suspending medium for the tissue slices 
in the aerobic determinations consisted of 2.0 
ml of Krebs-Ringer phosphate solution, 0.2 
ml of 0.001 M aqueous methylene. blue, and 
0.2 ml of 10% glucose. For the absorption 


* This investigation was supported by a research 
grant from the National Institutes of Health, U. S. 
Public Health Service, and by a grant from the 
Graduate College Research Board of the University 
ot Illinois. 


of carbon dioxide, 0.2 ml of 2 N KOH to- 
gether with a small piece of fluted filter paper 
were placed in the center well of each flask. 
The manometers were gassed for 10 minutes 
with pure oxygen bubbled through water. The 
suspending medium for the anaerobic investi- 
gations consisted of 2.0 ml of Krebs-Ringer 
bicarbonate solution, 0.4 ml of distilled water, 
and 0.2 ml of 10% glucose. The manometers 
were gassed for 10 minutes with a water sat- 
urated mixture of 95% nitrogen and 5% car- 
bon dioxide. The flasks were maintained at 
approximately 38°C. After the manometers 
were allowed to equilibrate for 15 minutes, 
readings were taken at 15-minute intervals 
over a 2-hour period. Oxygen consumption 
(Qo2) and anaerobic glycolysis (Q32) were 
expressed in terms of microliters per hour per 
mg of dry tissue. 


Results. The results obtained from the 
study of respiration and anaerobic glycolysis 
of fresh costal cartilage appear in Table I. 
Because of the low rate of metabolic activity 
of the cartilage slices, it was found necessary 
to read the manometers at prolonged inter- 
vals so as to record significant variations. 
Moreover, since the oxygen uptake of the 
tissue was quite small, 0.2 ml of 0.001 M 
aqueous methylene blue was added to each 
aerobic system in order to increase further the 
magnitude of the manometric changes. 


In the 20 determinations on fresh cartilage 
TABLE I. Comparison of Respiration and An- 


aerobic Glyeolysis of Fresh and Transplanted 
Rabbit Costal Cartilage.* 


No. of No. of 
Costal speci- speci- ¥ 
cartilage mens MeanQo . mens Mean Q¢2 
Fresh 10 —41 + .04 10 +.70+.08 
Autograft 25 —.23 + .08 28 +.46+ .12 
Homograft 28 -.22+ .07 25 +.40+ .13 


N 
* The mean Qoo and Q,_2 values for autografts 
and homografts differed from the values of fresh 
cartilage at less than 1% level of probability. 


lt ie 2A 
4 
* 
9 


from different rabbits, the mean Qos was 
found to be —0.41 + 0.04 while the Q{2 


figure was +0.70 + 0.08. The fresh cartilage 
slices were found to retain approximately 32% 
of their weight following drying. After im- 
plantation for 7 days, the mean rate of res- 
piration for the autografts was —0.26 while 
the value for the homografts was —0.32. 
From 7 to 150 days after transplantation the 
mean Qo» values for the autografts varied be- 
tween —0.13 and —0.29. In the homografts, 
the rates ranged from —0.16 to —0.28. 

The mean Q*2 values were consistently 
higher than the corresponding Qos figures. 
After the 7-day implantation period, the mean 
rates of anaerobic glycolysis for the auto- 
grafts and homografts were +-0.50 and +-0.54 
respectively. During the interval from 7 to 
150 days the values varied from -+0.34 to 
-++0.57 for the autografts and +-0.29 to +-0.50 
for the homografts. 

Upon drying, the autografts retained 32.3 
+ 1.6% of their weight, while the homografts 
tetained 32.9 + 3.1%. Because of the simi- 
larity of the figures, 32% was used as the 
representative value for the entire series. 

Discussion. Fresh cartilage possesses an 
extremely low rate of metabolism(1-7). The 
present study corroborated this finding. Fol- 
lowing transplantation, the rates of respira- 
tion and anaerobic glycolysis were even lower 

than those of fresh cartilage. At the end of 
the first 7 days a marked decrease was noted 
in all of the grafts. From 7 to 150 days, how- 
ever, Statistical analysis revealed no significant 
difference between the values for consecutive 
time periods in either the autografts or homo- 
grafts. The results in each series were there- 
fore grouped irrespective of the time elapsed 
since implantation (Table I). Comparison of 
the collective values revealed that there was 
no salient difference between the metabolism 
of cartilage autografts and homografts in the 
rabbit (t value 0.50 for Qos, 1.75 for Q%2; 
53 degrees of freedom). 

The fact that the autogenous and homo- 
genous transplants gave well-defined values 
for both respiration and anaerobic glycolysis 
denoted the presence of living chondrocytes. 
‘This substantiated the previous gross and his- 
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tologic evidence that both types of grafts re- 
mained in a viable state following trans- 
plantation(8-10). The relatively higher Q*2 
values recorded from these implants indicated, 
moreover, that the carbohydrate metabolism 
of both fresh and transplanted cartilage was 
predominantly anaerobic. This was in con- 
trast to the findings reported for most other 
tissues. 

The lowered Qos and Q*2 values displayed 
by these grafts could be partially attributed to 
a decline in the metabolism of the chondro- 
cytes following transplantation. The decrease 
in the metabolic activity per cell, however, 
was not actually as great as the data would 
seem to indicate, because the Qo. and Q*2 
values were computed from the weight of the 
graft without consideration of its viable cell 
content. In a firm structure such as cartilage 
cellular necrosis can occur without significant 
weight loss since the matrix remains relatively 
intact. Thus, two grafts of equal weight 
could have entirely different viable cell counts 
and, while the metabolic quotients obtained 
from each would be different, the metabolism 
of any cell in either graft could be the same. 
In this investigation a decrease in the number 
of vital chondrocytes probably occurred in all 
of the grafts not only from the changes in 
metabolic activity during and after trans- 
plantation but also from the trauma incident 
to the surgical handling of the tissue. This 
decrease, therefore, would account for at least 
a portion of the diminished metabolism re- 
corded from the cartilage grafts. 

Summary. 1. The rate of respiration and 
anaerobic glycolysis of fresh rabbit costal car- 
tilage is among the lowest of all tissues. Car- 
bohydrate metabolism is predominantly an- 
aerobic. 2. Transplantation resulted in ap- 
proximately a 45% decline in the rates of both 
respiration and anaerobic glycolysis in both 
the autografts and homografts during the first 
7 days. The major portion of the metabolic 
activity, however, remained on an anaerobic 
basis. 3. After 7 days no significant variations 
occurred in either the Qos or Q%2 values for 
any of the grafts. 4. No salient difference was 
observed between the metabolic activity of 
costal cartilage autografts and homografts in 
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the rabbit from 7 to 150 days after trans- 
plantation. 
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St. Louis, Mo. 


Patterns of free amino acids determined by 
2-dimensional paper chromatography were 
studied in a variety of mouse tumors, com- 
paring the neoplastic with normal homologous 
tissues(1,2). It was found that each normal 
tissue examined had a distribution of free 
amino acids characteristic for that tissue, 
while all of the tumors, regardless of origin 
or source, showed very similar patterns. One 
of the most interesting findings was that the 
glutamine levels in the tumors were uniformly 
lower than in most of the normal tissues. It 
appeared feasible to attempt to disturb the 
protein synthetic mechanisms in tumors by 
interference with glutamine metabolism, since 
glutamine may play a strategic role in protein 
synthesis by virtue of its participation in 
amide exchange reactions(3-5). Most normal 
tissues, which have relatively large amounts 
of free glutamine, would presumably be more 
resistant to such an interference. 


Glutamine metabolism could be disturbed 
by inhibiting the synthesis of glutamine or by 
blocking its subsequent utilization in further 
metabolic processes. Lactobacillus arabinosus 


* This investigation was supported by: research 
grants from the National Cancer Institute, National 
Institutes of Health, U. S. Public Health Service, 
and the Charles F. Kettering Foundation. 

+ Supported by a fellowship from the Charles F. 
Kettering Foundation. Submitted in partial ful- 
fillment of the requirements for the degree of Doctor 
of Philosophy. 


17-5 can serve as a good test organism for 
screening agents which can act in either 
manner, since this organism can be used both 
for glutamic acid and for glutamine assay. 
The present communication describes the re- 
sults of the tests of several compounds in these 
assay systems. Methionine sulfoxide and 
8-hydroxyglutamic acid, previously reported 
antimetabolites for glutamic acid in L. arabin- 
osus(6,7), and y-glutamylhydrazide, a gluta- 
mine antagonist for some strains of hemolytic 
streptococci(8), have also been studied. 
Experimental, assay methods. The essential 
microbiological procedures have all been de- 
scribed previously(9) and references to the 
original literature given. All glutamic acid 
assays were performed at pH 6.0 in a low 
aspartic acid medium(10) (Medium 1), con- 
ditions which minimize lag. In most instances 
the glutamine assays were performed at pH 
7.0 in a high aspartic acid medium(11) 
(Medium 2), under which circumstances there 
is a sharp differentiation in response to glu- 
tamine and glutamic acid in the low concen- 
tration ranges. In other experiments the same 
conditions were used for glutamine as for glu- 
tamic acid. Solutions of all of the substances 
tested and glutamine were sterilized by Seitz 
filtration. When determination of growth was 
made at only one time interval, the turbidity 
readings were made at 24 hours. Several ex- 
periments were performed in which readings 
were made at numerous time intervals. All 
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TABLE I. Inhibition of Growth by g-Hydroxyglutamic Acidt ‘‘A’’ and Its Reversal with 
L-Glutamic Acid (Medium 1). 


—— Optical density — 


Amt of test sub- ———— Optical density a Amt of glutamic No ad- 500 y of 
stance/tube,* + IBSELG TSA? BHG “Be? acid/tube, dition BHG **A?? 
0 YU) 213 0 0 0 
100 223 237 10 030 0 
200 223 226 20 061 0 
300 223 od 30 095 0 
400 162 255 40 144 .008 
500 084 251 50 196 019 
600 014 240 60 244 123 
900 0 280 90 359 310 
1200 0 293 120 445 302 
1500 0 259 150 468 396 
* All tubes contained 50 y of L-glutamic acid. + BHG. 


readings were made in a room maintained at 
37°, so that the tubes were at the same tem- 
perature during the entire experiment. Com- 
pounds tested. Nine of the compounds tested 
were kindly furnished by Dr. Karl Pfister of 
Merck and Co., Inc. Of these, L-methionine 
sulfoxide(12,6), L-y-glutamyl hydrazide(8), 
DL-f-aspartyl hydrazide(8), L-y-methylglu- 
tamate(13), and DL-pyrrolidone carboxylic 
acid(14) were secured by the indicated litera- 
ture procedures. New synthetic methods, to 
be described in a later publication from the 
laboratories of Merck and Co., Inc.,#' were 
employed in the preparation of DL-a-methyl- 
glutamic acid (m.p. 168-70° decomp.) ; DL- 
B-hydroxyglutamic acid (“‘A” form, m.p. 198° 
decomp.; “B” form, as hydrate, m.p. 180-5° 
decomp.; anhydrous ‘““B” form, m.p. 157-8° 
decomp.). (It is possible that a B-hydroxy- 
glutamic acid reported to melt at 75° as a 
trihydrate and then to solidify and remelt at 
185°(16) is identical with the “B” form of 
hydroxyglutamic acid mentioned above). The 
previously described y-methylamide of L- 
glutamic acid(15) was kindly furnished by 
Dr. F. C. Meyer of the Research Department 
of the Monsanto Chemical Co. 


Results. Results of initial screening tests. 
In the concentrations used (40 to 3000 y per 
tube) only 2 of the substances were markedly 


+ Rogers, E. F., Conbere, J. P., Leanza, W. J., 
‘and Pfister, K. 

§ The authors are grateful to Dr. W. W. Umbreit 
of Merck and Co., for his interest which made pos- 
sible the cooperation of the St. Louis and Rahway 
laboratories in this work. ; 


inhibitory for growth on glutamic acid and 
none of them inhibited the utilization of gluta- 
mine. Methionine sulfoxide was not inhibi- 
tory under the present conditions of testing, 
even when the concentration present was 60 
times that of glutamic acid. Although L-y- 
glutamylhydrazide inhibits the utilization of 
glutamine in some streptococci(8), it did not 
inhibit the utilization of glutamine in the 
present test system. A more detailed descrip- 
tion of the inhibitory properties of a-methyl- 
glutamic acid and -hydroxyglutamic acid 
“A” will follow. 

Inhibition of growth on glutamic acid by 
B-hydroxyglutamic acid “A”. ‘Table I shows 
the results of an experiment in which were 
tested the inhibitory effects of the racemates 
of the two diastereoisomers of 8-hydroxyglu- 
tamic acid (BHG). The “A” acid was mark- 
edly inhibitory while the other isomer showed 
no inhibition and even possibly a slight stimu- 
lation of growth. It is seen that the inhibition 
is competitive with glutamic acid, since in- 
creasing amounts of glutamic acid in the 
presence of a constant amount of inhibitor 
decreased the extent of inhibition. 


TABLE II. Inhibition of Growth by a-Methyl- 
glutamic Acid (All Tubes Contained 50 y L- 
glutamic Acid; Medium 1). 


Amt of a- % of normal growth 
methylglutamic ——— Exp. No. ——_,, 
acid per tube, 1 2 3 

100 56.2 92.7 595.5 
200 37.5 (ala! 54.5 
300 16.3 18.7 48 

400 6.9 3.9 — 
500 5.9 2.3 34.9 
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TABLE III. Reversal of Inhibition by a-Methylglutamic Acid with u-Glutamie Acid 
(Medium 1). 
— Optical density—— - pe 
— Exp. 1 ~ — ~Exp, 2, 
Amt of glutamic 500 y in- 500 vy in- 1500 ¥ in- 
acid/tube, + Control hibitor/tube Control hibitor/tube hibitor/tube 
10 029 0 .022 0 — 
20 059 0 046 0 — 
30 .095 O11 AO al 006 O14 
40 .143 .080 120 027 _ 
50 192 068 168 .060 -- 
60 244 -L08 wld ~- 116 
90 807 204 843 _ 264 
120 445 .399 432 _ ord 


150 468 466 


458 _— 421 


Inhibition of growth on glutamic acid by 
a-methylglutamic acid. In Table II are the 
results of 3 different experiments showing the 
inhibitory effects of different concentrations 
of a-methylglutamic acid (AMG) on growth 
in the presence of 50 y of glutamic acid. Al- 
though inhibition was found in each experi- 
ment, the extent of inhibition differed from 
one experiment to the other. This was also 
found to be the case in a number of other 
similar experiments not reported in detail. A 
possible explanation for this will be suggested 
in a subsequent section. Increasing concen- 
trations of glutamic acid produced a reversal 
of the inhibition exerted by a given amount 
of AMG (Table III), showing the competitive 
nature of the inhibition. 

Time-course of growth on glutamic acid in 
presence and absence of AMG. In Fig. 1 is 
shown the 3-dimensional plot of the time- 
course of growth with glutamic acid alone 
under the standard assay conditions, employ- 
ing time, optical density, and glutamic acid 
concentration as the variables. It is seen that 
little additional growth occurred after 24 
hours at the lower concentrations and that 
suitable growth curves for assay purposes were 
obtained between 22 and 30 hours. In Fig. 2 
are plotted the results of an experiment similar 
in all respects to that shown in Fig. 1 with the 
exception that all tubes contained 1500 y of 
AMG. A comparison of the results in Fig. 1 
and 2 shows clearly the marked inhibitory 
effect of the AMG. However, the inhibition 
was not absolute, since there was some growth 
in the presence of inhibitor at 41 hours in the 
tubes containing the 4 highest concentrations 


of glutamic acid. Although the growth with 
150 y of glutamic acid in the presence of 
AMG was only 28% of the control at 24 
hours, it was 75% of the normal value at 
30 hours. Similarly, in the presence of 120 y 
of glutamic acid the inhibited growth was 9% 
of the control at 24 hours, but 59% at 30 
hours. It is evident from this that although 
readings taken at only one time interval may 
give good qualitative evidence of the inhibi- 
tory potentialities of a compound in the 
present test series, little quantitative signifi- 
cance can be attached to such results. In- 
hibition ratios calculated from such data 
would be of little value. The variability ob- 
served in the degree of inhibition found for a 
given amount of AMG when growth was 
measured at 24 hours (Table II) could pos- 
sibly have been caused by different rates at 
which the inhibition was overcome in the in- 
dividual experiments. 

Mechanism of action of «-methylglutamic 
acid and B-hydroxyglutamic acid “A”, Re- 
sults with methionine sulfoxide and an unre- 
solved mixture of BHG indicated that these 
substances were active by virtue of their 
ability to prevent the amidation of glutamic 
acid(6,7). Small amounts of glutamine were 
able to overcome the inhibition, and the utiliz- 
ation of glutamine itself was not appreciably 
affected. The same mechanism is probably 
operative in the present experiments with 
AMG and BHG. Neither compound inhibited 
the utilization of glutamine, Actually there 
may have been a slight stimulation by the 
AMG and BHG “A”, both of which were 
strongly inhibitory in the utilization of glu- 
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FIG. 3. Time-course of growth on 50 vy of L-glu- 
tamie acid in the presence of varying amounts of 


tamic acid. In an experiment in which the 
time-course of growth was followed it. was 
found that there was no growth for 18 hours 
when amounts of AMG from 300 to 1500 


per tube were used in the presence of 50 y of 
glutamic acid (Fig. 3). At this time the 
control tubes had attained almost maximal 
) growth. However, at 30 hours the tubes con- 


taining 300 7 of AMG had 86% of the growth 
_. found in the controls, and the tubes containing 
600 and 900 y of AMG had begun to show a 
rapid growth. This emphasizes the import- 
ance of the consideration of the time factor 
_ in the reversal as well as the inhibition studies. 
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It is doubtful in the present instance that the 
inhibition is overcome because of the destruc- 
tion of the inhibitor. It would rather appear 
that there is a very slow rate of synthesis of 
glutamine going on. When a small critical 
concentration of glutamine has been attained 
the utilization of glutamic acid may proceed 
independently of the ability of the organism 
to synthesize glutamine. 

Influence of a-methylglutamic acid on the 
time-course of growth on glutamine alone and 
on a mixture of glutamine and glutamic acid. 
The standard growth curves for glutamine 
were very similar to those found for glutamic 
acid (Fig. 1) when assays were performed in 
Medium 1. When varying amounts of AMG 
were added to 50 vy of glutamine virtually 
identical growth curves were obtained (Tig. 
4). No increased time-lag in growth was 
noted at any concentration of inhibitor tested, 
There was a slight depression in the extent of 
growth below that in the control tubes in all 
of the samples containing AMG, but this was 
the same regardless of the concentration of 
AMG. A comparison of Fig. 3 and 4 shows 
clearly the remarkable difference between the 
effect of AMG on the utilization of glutamic 
acid and glutamine. It was previously sug- 
gested that AMG acts by preventing the syn- 
thesis of glutamine from glutamic acid, but 
that once small amounts of glutamine become 
available the bacteria can utilize the remain- 
der of the glutamic acid. From this it would 
be expected that small amounts of glutamine 
should enable growth to take place on small 
quantities of glutamic acid in the presence of 
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FIG. 4. Time-course of growth on 50 + of Lglu- 
tamine in the presence of varying amounts of 
AMG. 
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a large amount of inhibitor. An experiment 
was performed in which each tube contained 
a mixture of 35 y of glutamic acid and 15 y 
of glutamine in the presence of varying 
amounts of AMG up to 1500 y per tube. 
When 50 y of glutamic acid alone was used 
in the presence of 1200 y and 1500 y of AMG 
per tube, there was no growth at all in 30 
hours (Fig. 3). In the present experiment 
there was visible growth in all tubes by 16 
hours. Even in the tubes containing 1200 
and 1500 y of AMG growth amounting to 
89% and 78% of normal was found at 30 
hours, showing clearly the marked protection 
afforded by small amounts of glutamine. 
However, some inhibition of growth by AMG 
was noted in the earlier time periods. It may 
well be that AMG also inhibits some steps in 
glutamic acid utilization other than amidation. 

Inhibition of the «-ketoglutarate-glutamine 
system. It was shown previously that «-keto- 
glutarate does not replace glutamine or glu- 
tamic acid for growth in Medium 2(9). Good 
growth occurred with «-ketoglutarate in the 
presence of small amounts of glutamine. The 
results suggested that the role of glutamine is 
catalytic. It was of interest to see whether 
this system could be inhibited by some of the 
substances tested for glutamic acid antago- 
nism. From the results in Table IV it is seen 
that methionine sulfoxide and AMG are 
weakly inhibitory and that BHG “A” appears 
to be a somewhat stronger inhibitor. These 
findings are being extended in further studies. 

Discussion. The purpose of the present in- 
vestigation was to find inhibitors of glutamic 
acid and glutamine utilization in a microbio- 
logical test system which would also be effec- 
tive in mammalian tissues. «-Methylglutamic 
acid (AMG) and one of the diastereoisomeric 
racemates of $-hydroxyglutamic acid were 
more potent inhibitors of glutamic acid utiliza- 
tion for L. arabinosus than any compounds 
previously described. All of the experiments 
performed were consistent with the interpreta- 
tion that these compounds acted by preventing 
the synthesis of glutamine from glutamic acid. 
Tests are in progress to determine whether the 
amidation of glutamic acid in animal tissues 
is also inhibited by these substances. Prelim- 
inary tests with mice of the C57, strain weigh- 
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TABLE IV. Inhibition of the a-Ketoglutarate— 
Glutamine System (All Tubes Contaimed 2.5 mg 
a-Ketoglutaric Acid and 30 y+ of Glutamine; 


Medium 2). 
— Optical density ————__—_,, 
Amt of Methio- 
inhibitor nine a-Methylglu- g-Hydroxyglu- 
/tube,y sulfoxide  tamic acid tamic acid A 
0 .309 301 333 
100 See .330 .231 
200 — 290 -215 
300 288 297 210 
400 —- .286 194 
500 = 261 AD 
600 286 oa ae 
900 -268 = ae 
1200 204 ae = 
1500 223 — — 
1800 244 is <— 
2400 222 = = 
3000 210 — = 


ing between 14 and 18 g have shown that 
these animals can tolerate for at least 10 days 
30 mg of AMG administered daily by the in- 
traperitoneal route without showing any toxic 
symptoms or loss in weight. An indication of 
the in vivo antagonism of AMG to glutamic 
acid also was obtained when it was found that 
this compound significantly enhanced the in- 
cidence of audiogenic seizures over the con- 
trols in a susceptible strain of mice (dba) 
tested under standard conditions(17). Marked 
reductions in seizure incidence and in fatalities 
below the control levels were obtained when 
glutamic acid was given. Tests are now being 
conducted with AMG in tumor-bearing ani- 
mals. AMG has also been found to be a 
potent inhibitor of a bacterial glutamic acid 
decarboxylase and a somewhat weaker inhib- 
itor of brain glutamic decarboxylase. These 
results will be reported subsequently. 
Summary. 1. Ten compounds were tested 
for inhibition of utilization of glutamic acid 
and glutamine by Lactobacillus arabinosus. 
2. DL-«-methylglutamic acid and one of the 
diastereoisomeric racemates of 8-hydroxyglu- 
tamic acid were potent competitive inhibitors 
of glutamic acid utilization. None of the 
compounds tested was a glutamine inhibitor. 
3. The results indicated that the two active 
compounds prevented the synthesis of gluta- 
mine from glutamic acid by the bacteria. 4. 
Experiments in which the time-course of 
growth was followed showed that under cer- 
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tain conditions the inhibition by «-methyl- 
glutamic acid could be overcome. A possible 
explanation was suggested for this finding and 
the importance of taking readings at several 


_ time intervals was emphasized. 
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Virulence Enhancing Activities of Aureomycin on Candida albicans.* 


(19418) 


Ericu SELIGMANN. 


(Introduced by William Antopol.) 


From the Division of Laboratories, Beth Israel Hospital, New York City. 


Personal observations and a number of re- 
ports in the literature(1)-indicate that pro- 
liferation of fungus-like organisms, notably 
Candida albicans may occur in patients 
treated with penicillin, aureomycin, chloram- 
phenicol, and terramycin. Not only is there 
a numerical increase in the oral cavity, in- 
testinal or urogenital tract, etc., but localized 
or disseminated disease with serious, and at 
times fatal consequences may develop. 

The mechanism of stimulation of growth 
and increase in pathogenicity of fungi in pa- 
tients treated with antibiotics is not fully 
understood. The frequency of these complica- 
tions has become of sufficient impact to 
warrant the American Council on Pharmacy 
and Chemistry of the A.M.A. to issue ‘‘a warn- 
ing statement to be included in aureomycin 
hydrochloride, chloramphenicol and terramy- 
cin hydrochloride labeling”’(2). The Council 


* This investigation was supported by the Joseph 
and Helen Yeamans Levy Foundation. 


suggests that susceptible bacteria are sup- 
pressed by the bacteriostatic action of the 
drugs, and monilia or other yeast-like organ- 
isms may then replace the normal or abnormal 
bacterial flora, thus paving the way for secon- 
dary mycotic infection. The following ex- 
periments may shed some light on these prob- 
lems. 


Material and methods. Candida albicans. 
A strain isolated from the oral cavity of a pa- 
tient was used for all the tests. The strain 
grew in fluid media with sediment and no 
pellicle formation, fermented dextrose, maltose 
and sucrose, did not attack lactose. On 
Sabouraud’s agar it produced white, creamy 
colonies, on blood agar plates dull grey colony 
forms and on corn meal agar streaks, it de- 
veloped the characteristic mycelium and yeast 
cell clusters. It was therefore considered a 
typical Candida albicans. For animal tests, 
the growth from Sabouraud’s agar slants was 
washed off with normal saline solution and 
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centrifuged at 1500 r/min. The white sedi- 
ment of packed cells was suspended in saline 
(0.1 ml cells + 2.4 ml saline). 0.1 ml of 
the cell sediment contained approximately 4 
billion cells. The usual dose of 0.2 ml of the 
suspension corresponded to 320 million living 
cells. The animal injections were given intra- 
peritoneally. | Aureomycin.  ‘“Aureomycin 
crystalline intravenous Lederle”, was used. 
The brown crystals come in sealed ampules 
containing 100 mg of the drug. 10 ml normal 
saline were introduced into the ampule and 
the contents dissolved. 1 ml of the yellow 
solution corresponds to 10 mg aureomycin, 
the dose’ of 0.2 ml normally used to 2 mg. 
Because of the known lack of stability of these 
solutions,t only freshly prepared ones were 
employed unless stated otherwise. 


Experiments. The strain of Candida em- 
ployed proved to be nonpathogenic for mice on 
intraperitoneal injection of large amounts of 
cells (320 million) in saline. Of 18 mice so 
treated all survived after 2 weeks. The 
aureomycin dose of 2 mg intraperitoneally was 
non-toxic. Although the animals became res- 
. tive for 1-2 minutes after the obviously pain- 
ful injection of the latter, all of the 17 mice 
so treated survived after 2 weeks. However 
when Candida cells were suspended in aureo- 
mycin solution (0.1 ml cells + 2.4 ml aureo- 
mycin) and the mixture injected intraperi- 
toneally, 16/17 mice died. The following 
Table I (A-C) demonstrates the combined re- 
sults of 3 experiments. 


On 32 repeated administrations of the 
mixture, 28/32 mice died in 3-48 hours. 
No gross signs of peritonitis or involve- 
ment of organs (kidney, spleen, liver, 
adrenals) were seen. In each case, Candida 
was recovered on culture from the peritoneal 
cavity, and in 10 out of 27 on heart blood 
culture. In 3 mice there was complication 
of S. enteritidis infection and these animals 
were excluded from the evaluation. Numer- 
ous Candida strains recovered from dead mice 
were tested again in normal mice. None had 
acquired pathogenicity. When the aureo- 
mycin-Candida mixtures were centrifuged, 


+ On standing, precipitation begins on the second 
day and considerable sediment is present in 3-4 days. 


AUREOMYCIN ACTION ON CANDIDA 


TABLE I. Action of Candida, Aureomycin, and of 
Their Mixture in Mice. 


Mice 
group Material injected, .2 ml Mortality* 
A Candida cells in saline sol. WDE 
B Aureomycin sol. 17/17 
C Mixture of Candida cells in aureo- 1/17 
mycin 
D Candida cells in aureomycin susp. 0/9 
HE Supernate of Candida-aureomycin 9/9 
mixture after centrifugation 
EF Washed Candida sediment 8/9 


* Numerator: Survivors after 2 wk. Denomina- 
tor: Total No. of mice. 


TABLE II. Separate Injection of Aureomyein and 
Candida Cells in Mice. 


Mice 

group Treatment Results* 
A Inj. 24 hr before infection 5/9 
B 4/9 
C 2 1/10 
D Simultaneous inj. and infection 1/10 
E Inj. 4 hr after infection 3/10 
F 8 9/10 
G 24 10/10 
* Numerator: Survivors after 2 wk. Denomina- 


tor: Total No. of mice. 

Inj =i.p. injection of 2 mg aureomycin sol., in- 
fection =1i.p. inoculation of .2 ml Candida suspen- 
sion in saline. 


and the supernatant and washed sediment in- 
jected separately in amounts corresponding 
to 0.2 cc of the original mixture, they proved 
non-toxic, Table I (D-F). There was thus 
no indication of an interaction between aureo- 
mycin and Candida organisms in vitro. In 
another group of experiments, aureomycin and 
Candida organisms were administered sepa- 
rately at different time intervals. 

From Table II it is apparent that when 
aureomycin is given from 24 hours be- 
fore until. 4 hours after infection with 
Candida there was a _ considerable mor- 
tality; the toll was higher as the aureomycin 
injection and Candida infection were adminis- 
tered at closer intervals. If, however, Can- 
dida cells were subjected to action of the 
mouse for 8 or 24 hours before administration 
of aureomycin, the increased pathogenicity did 
not occur. One may conclude that under 
these conditions the antifungal activities of 
the mouse tissues could play their part, while 
with reversed order of the injections aureomy- 


/ 


, 


/ 
/ 


\. capacity was also lost. 


| _ a suspension of 0.1 ml packed cells in 2.5 ml 
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cin interfered for a considerable time with the 


normal defense mechanism of the animal. 


It is known that aureomycin solutions kept 
at icebox or room temperature for a few 


_/ days lose considerable antibiotic potency. 


When such solutions were used in the Candida 
tests above reported, the virulence enhancing 
Ten mice were in- 
jected intraperitoneally with 0.2 ml each of 


aureomycin solution which has been kept at 
room temperature for two days: all 10 sur- 
vived. 

The antibiotic capacity of aureomycin in 
solution is heat labile. When the solution of 
crystals in saline was brought to the boiling 
point and then used for the ‘“‘Candida-aureo- 
mycin mixture test”, 13 of 14 mice injected in- 
traperitoneally with 0.2 ml of the mixture sur- 
vived. It is apparent therefore, that a paral- 
lelism exists between antibiotic (against bac- 
teria) and virulence enhancing (for Candida) 
faculties of aureomycin solutions. 

Discussion. The problem of fungus -pro- 
liferation im vivo under antibiotic influence 
is not only one of survival in favorable con- 
ditions but also one of activation. It can 

- not be explained by the suppression of sensi- 
tive bacteria alone and consequent lack of 
competition for nutritive substances or by 
induced suppression of growth-restraining 
factors dependent upon the elimination of the 
customary bacterial flora. Direct growth-pro- 


_ moting action of the antibiotics as well as 


changes of inherent pathogenicity of the 
fungi might be involved. Most antibiotics 
are known to promote growth of animals(3). 
That the effect is not necessarily due to con- 
trol of the intestinal flora was stressed by 
Weber et al.(4). Elam and co-workers(5) 
reported that parenteral application of peni- 
cillin and bacitracin while not influencing the 
fecal flora at all was able to promote growth 
in the chick. 

Although some workers have found a direct 
growth-promoting action of antibiotics on 
fungus cells im vitro, the results in other in- 
stances have been inconclusive or negative 
(6-9). In our own experiments, aureomycin 
in ordinary and synthetic liquid media or on 
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nutrient agar slants has failed to promote the 
growth of Candida albicans. The possibility 
remains that the host’s tissues undergo bio- 
logical changes under the influence of anti- 
biotics and then respond to Candida infections 
(6,10-13). Indications of lowered resistance 
due to the action of aureomycin were seen in 
our experiments. If the animal’s normal de- 
fense mechanism against Candida was allowed 
to act for 8-24 hours, the subsequent injection 
of aureomycin was almost entirely without 
harm. If the order of injections was reversed, 
the preceding aureomycin treatment interfered 
with the defensive reaction of the mouse. In- 
fection 8 or 24 hours later shows still enhanced 
virulence of Candida. 

Lowering of resistance against infections 
has been revealed as the result of mucin action 
in animals(14,15) and as an effect of cortisone 
(16,17). Aureomycin may well join this 
group of biological activators as illustrated in 
its mode of action against Candida. 


Summary. 1. Candida suspensions are non- 
pathogenic, and aureomycin solutions non- 
toxic, when either of these alone is injected 
intraperitoneally into mice. The mixture of 
both is fatal. 2. A similar “drug-fungus” 
effect though less pronounced was observed 
when aureomycin was given from 24 hours 
before to 4 hours after Candida inoculation. 
Given 8 and 24 hours after infection aureomy- 
cin was ineffective. 3. The virulence enhanc- 
ing activity of aureomycin was destroyed on 
standing at room temperature or by boiling, 
a parallel to its antibiotic activity. 4. No 
indication of toxin production or biological 
alteration of Candida was found in vitro. 53. 
No direct growth stimulating effect by aureo- 
mycin on Candida was observed in cultures. 
The action im vivo was one of lowering the 
animal’s resistance. 
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Reduced Antibody Titers in Mice Treated with Carcinogenie and Cancer 


Chemotherapeutic Agents. 


(19419) 


R. A. Matmcren, B. E. BENNISON,* AND T. W. McKIN rey, JR. 
(Introduced by H. B. Andervont.) 


From the National Cancer Institute, Bethesda, Md.t 


It has long been known that x-radiation, in 
addition to inhibiting(1) and initiating(2) 
neoplastic growth, depresses antibody levels 
in experimental animals(3). More recently 
this triad of effects has been demonstrated for 
nitrogen mustard(4-6). Further it has been 
reported that the Rous sarcoma virus in addi- 
tion to initiating tumors will also depress anti- 
body levels(7). Chemotherapeutic substances 
which have recently been shown to inhibit 
both tumor growth and antibody production 
are A-methopterin(8), benzene(9), cortisone 
(10) and 8-azaguanine(11). 

In view of the foregoing observations the 
following work was undertaken to determine 
whether or not antibody inhibition is a prop- 
erty common to other substances involved in 
tumor production and inhibition. 

Materials and methods. The data are based 
chiefly on results obtained in homozygous 
strain C (B alb C) mice 2 to 6 months old. 
However, the tests were frequently repeated in 
homozygous strain C3H mice also 2 to 6 
months old, and the same results were ob- 
tained. The antibody forming mechanism was 


* Present address: Division of Chronic Diseases 
and Tuberculosis, Public Health Service, Federal 
Security Agency, Washington 25, D.C. 

t National Institutes of Health, Federal Security 
Agency. 


evaluated by determining sheep cell hemo- 
lysin titers of mouse serum harvested 5 days 
after the intraperitoneal injection of 0.5 cc of 
a 4% suspension of washed sheep cells in 
saline. The hemolysin titers were determined 
by noting the degree of hemolysis resulting 
from 30 minute incubation at 37°C of 0.5 cc 
of serial 2-fold dilutions of test sera with 1.0 
cc of 1:20 guinea pig serum and 0.5°cc of 1% 
sheep cells. Carcinogenic compounds and 
their non-carcinogenic analogues from three 
major groups of carcinogens were studied. 
These included 1) methylcholanthrene, 
1,2,5,6-dibenzanthracene, 1,2-benzanthracene+ 
and phenanthrene,s 2) butter yellow (p-di- 
methylaminoazobenzene) and p-diethylamino- 
azobenzene,’ 3) urethan (ethyl carbamate), 
isopropyl carbamate,# -chloroethylcarba- 
mate,’ and methyl carbamate.$!| Test sub- 


¢ An analogue with weak carcinogenic activity. 

§ Non-carcinogenic analogue. 

|| We wish to express our thanks to the members 
of this institute, Dr. J. Hartwell for the alpha 
peltatin, colchicine, podophyllotoxin, phenanthrene and 
o-diethylaminoazobenzene. Dr. C. D. Larsen ‘for 
the -chloroethyl carbamate, isopropyl carbamate 
and methyl carbamate, Dr. J. White for the o- 
dimethylaminoazobenzene and _ 1,2,5,6-dibenzanthra- 
cene. A-methopterin and triethylene melamine were 
kindly supplied by Lederle Laboratories Division of 
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TABLE I. Effect of Carcinogens and Their Non-Carcinogenic Analogues Given Over a Period of 12 
Days on Hemolysin Titer of Strain C and C3H Mice. 


No. of Dose, Hemolysis* in anti sera diluted—4H4#, 

Test substance inj. mg/kg/inj. PhOn 220-240 112800 L160 sE:320) 4-640 Fe 1280 
_' Corn oil (control) 2 0 0 0 0 0 0 44+ t+ 
Methylcholanthrenet 3 25 0 0 0 0 4+ 44 4+ 4+ 
50 0 0 4 4+. 44 ft 4+ 4+ 
100 0 fie 4-+ 4+ fen 4+ 4+ oo 
1,2,5,6-dibenzanthra- 3 50 0 0 0 0 2 a+ 4+ 4+ 
cenet 100 0 0 0 0 3+ t+ i— 4+ 
400 0 0 Dalley PMT Tet ice a eee Wee fore 
1,2-benzanthrenet 3 100 0 0 0 0 0 3+ 4+ 4+ 
400 0 0 ORS Sp ad StS ee ee eee 4+ 
- Phenanthrenet 3 800 0 0 0 0 0 0 44 44 
1600 0 0 0 0 0 0 AB Ae 
Butter yellow (p-di- 3 250 0 0 0 0 0 0 4+ 44+ 
methylaminoazoben- 500 0 0 0 2-+- 3 4+ 4+ 4+ 
zene) ¢ 1000 4+ 44+ 44+ 44+ 44 4+ 4t 4+ 
p-diethylaminoazoben- 3 1000 0 0 0 0 0 2 4+ ae 
zenet 2000 0 0 0 ) 0 3+ 4+ 4 
4000 0 0 0 0 0 Betee Act 44 
_ Saline (control) 12 0 0 0 0 0 0 44 4+ 
Urethan 12 100 0 0 0 0 0 4+ 44+ 4+ 
200 0 0 0 0 4+ 44+ hae 4+ 
400 Beis AEN | tot Als AY gli Ae Lo gels fas 
B-chloroethylearbamate 12 200 0 0 0 0 0 3+ 4+ 4+ 
400 0 0 Seley APs Tate aeiee Aa ys 
Isopropyl carbamate 12 800 0 0 0 0 2 3+ 4+ a 
1000 0 0 0 2 Soe ge ease 44 
Methyl carbamate 12 400 0 0 0 0 0 2 3+ 44+ 
2 800 0 0 0 0 0 0 3 t+ 


* Zero indicates no turbidity or complete hemolysis and 4+ indicates complete turbidity or no 
hemolysis; 1+, 2+, 3+ represent intermediate grades of turbidity. 
t In corn oil. 


stances from the chemotherapeutic group were 
1) alpha peltatin, 2) A-methopterin, 3) ben- 
zene, 4) colchicine, 5) 2,6-diaminopurine, 
6) furacin, 7) podophyllotoxin, 8) sodium 
arsenite, 9) triethylene melamine, and 10) 
urethan. {ll 
To show whether or not the effect of the 
compounds was related to the amount injected, 
each test substance was administered at sev- 
eral dose levels using 3 to 4 mice for each 
group. Particularly in the carcinogenic group 
the maximum tolerated dose was determined 
for each compound in an attempt to provide a 
standard by which to compare the toxicities 
of the carcinogens with their non-carcinogenic 
analogues. In all experiments control mice 


_the American Cyanamid Co., Pearl River, N. Y. 
Furacin was kindly provided by Eaton Laboratories, 
Norwich, N. Y., and 2,6-diaminopurine by the Well- 
come Research Laboratories, Tuckahoe, N. Y. 

{J Also carcinogenic. 


were treated with the appropriate vehicle. 
Test substances were given subcutaneously in 
a volume of 0.01 cc/g body weight once a day 
for 5 days starting the day the antigen was 
administered. Because of the probable slower 
absorption of the oil soluble carcinogens, these 
compounds were given in 3 injections spread 
evenly in a 12-day period which included the 
5 days following administration of the antigen. 
Since urethan is classed as both a carcinogen 
and a chemotherapeutic agent it was tested on 
the 5- as well as the 12-day schedule. Be- 
cause of its rapid rate of breakdown(12) 
urethan was given daily in all tests. To de- 
termine whether all or part of the decreased 
antibody titers were due to direct effects of the 
test substances on the antisera, the maximum 
daily dose of each compound was combined 
in vitro with the antisera before an hemolysin 
titer was performed. The possibility that the 
lowered hemolysin titer was due to increased 
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TABLE II. Effect of Chemotherapeutic Agents Given Daily Over a Period of 5 Days on 
Hemolysin Titers in Strains C and C3H Mice. 


Test Dose, —_———— Hemolysis* in antisera diluted——_——,, 
substance mg/kg/day 1:10 1220 1:40 1:80 2:160. 1:320 1:640 1:1280 122560 
Controlt 0 0 0 0 0 0 3+ 4+ 4+ 
a-peltatin 1.25 0 0 0) 0 2 44+ 4+ 4+ 44 

25 0 4i 4+ 4+ 4+ 4+ 4+ 4+ 4+ 

5 4+ 4t 4+ 4 4 4+ i 4 44+ 

A-methopterin 18 0 0 0 0 3+ 4+ 44 4+ 4+ 
36 0 0 3+ 4+ 4+ 44+ 4+ 4+ 4+ 

725) 0 3+ 4+ 4— 4+ 4+ 4+ 44+ 4+ 

rey 4t 4t— 4t 4+ 44 4. 4+ 4+ 4+ 

Benzene 3200 0 0 0 0 0 3+ 4+ 4+ 4+ 
4800 0 0 0 0 3+ t= 4+ 4+ 4+ 

Colchicine 3 0 0 0 0 0 0 0 3+ 4+ 
6 0 0 0 0 2 4+ 44+ 4t 4+ 

Be 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ 

2 ,6-diamino- 25 0 0 0 0 0 2+ 4+ 4+ 4+ 
purine 50 0 0 0 0 2 fa 4— +-- a 
100 0 2+ 4+ 4— 4+ 4+ oo 4+ 4+ 

Furacin 500 0 0 0 0 0 0 0 3+ 4+ 
1000 0 0 0 0 0 0 0 3+ 4+ 

Podophyllo- 25 0 0 0 (0) 4+ 4+ 4+ 4t— 4+ 
toxin Ds: 4+ 4t 4— 4+ 4+ 4+ 4+ 4+ 4+ 
Sodium ea) 0 0 0 0 0 3+ 4+ 4+ 4+ 
arsenite 5 0 0 0 0 3+ 4t— 4+ 4+ 4+ 
10 0 0 0 38+ 2 4t— 4+ 4+ 4+ 

Triethylene 225 0 0 0 2 3+ 4+ 4+ 4+ 4+ 
melamine As 0 3+ 4t 4+ 4— 4t 4t— 44 4+ 
Urethan 250 0 0 0 0 0 0 0 0 3+ 
500 0 0 0 0 0 3+ 4+ 4+ 4+ 

1000 0 0 0 0 3+ a 4+ 4+. 44 


* Zero indicates no turbidity or complete hemolysis and 4+ indicates complete turbidity or 
no hemolysis; 1+, 2+, 3+ represent intermediate grades of turbidity. 
t Results obtained with the separate vehicles are indicated by one control group because the 


titers obtained were the same for all. 


destruction of the antibody by the compound 
in vivo was evaluated by administering the 
test material once a day for 5 days to animals 
which were injected intraperitoneally on the 
third day of treatment with 0.5 cc of a mouse 
anti-sheep red cell serum previously prepared 
in the same strain of mice. Forty-eight hours 
later the sera were harvested by decapitation 
and hemolysin titers performed. 

Results and discussion. As shown in Tables 
I and II, treatment with both the carcinogens 
and the chemotherapeutic agents, with the 
exception of furacin, resulted in a significant 
decrease in hemolysin titers. The degree of 
inhibition varied from one compound to an- 
other but a direct relationship between the 
amount of any one compound administered 
and the inhibition it produced was apparent. 
These results suggest that antibody inhibition 


may be a property common to substances asso- 
ciated with the initiation and the inhibition 
of neoplasms. The fact that the non-carcino- 
genic analogues had little or no effect on the 
hemolysin titers when administered in quanti- 
ties several times greater than the correspond- 
ing carcinogens brings out a parallelism be- 
tween the chemical specificity of antibody in- 
hibition and carcinogenic effect. 


Although urethan reacted as did all the 
other substances in the carcinogenic group, its 
dual role as a carcinogen and a chemothera- 
peutic agent and the varied biological activity 
of its analogues makes a more detailed obser- 
vation interesting. When contrasted with 
methyl carbamate, which is neither carcino- 
genic nor chemotherapeutic, the antibody in- 
hibiting ability of urethan and the lack of 
effect of methyl carbamate follows the pattern 


é 
a 
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Type of 
test Sera 130" E220 
In vivo Urethan treated 0 0 
Control 0 0 
In vitro Urethan treated 0 0 
Control 0 0 
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TABLE III. Example* of in vivo and in vitro Effect of Carcinogenic and Chemotherapeutic 
Agents on Hemolysin Titers. 


Hemolysist by dilutions of antisera ———————___ 


1740 - 1280 1:160. 1:320, 12640 121280 


Bt 4t 44 4400 44 4 


2+ 4+ 4+ ate 4—-- 4+ 
0 0 0 0 4 4— 
0 0 0 0 4+ 44 


* Since none of the compounds tested effected the hemolysin titers in vivo or in vitro the 
results obtained with urethan are presented as typical. 

t Zero indicates no turbidity or complete hemolysis and 4+ indicates complete turbidity or 
no hemolysis; 14+, 2+, 3+ representing intermediate grades of turbidity. 


of results obtained with other compounds. 

However, isopropyl carbamate, which has 
been shown to have some carcinogenic activ- 
ity(13), and B-chloroethyl carbamate, which 
interferes with mitosis in a manner and degree 
similar to urethan(14), both reduced the 
hemolysin titers although to a lesser degree 
than the corresponding dose of urethan. 


No data are available to explain the inability 
of furacin to inhibit the hemolysin titer. It 
might be conjectured that its mechanism of 
action is different from that of the other com- 
pounds or, although it seems unlikely, the 
ability of all the other agents to reduce hemo- 
lysin titers is an unusual coincidence. 


The failure of the test substances to inhibit 
passive antibodies in vivo (Table III) sug- 
gests that all these compounds act at the site 
of antibody production. This does not, how- 
ever, imply that they all achieve their inhibi- 
tion in the same manner. Table III also in- 
dicates that antibodies were not affected 
in vitro by any of the test substances. The 
observed depression of the antibody titer was, 
therefore, not a result of interference with the 
hemolytic test system. 


No attempt was made in this work to clarify 
the way in which these compounds act. How- 
ever, the question of toxicity was explored 
partly to establish a standard by which to 
measure test substances and also to determine 
whether or not toxicity per se was responsible 
for antibody depression. With this in mind, 
sodium cyanide, which is not associated with 
-malignancy but which is highly toxic, was 
given in the maximum tolerated dose of 4 
mg/kg body wt/day. At this level sodium 
cyanide did not lower the hemolysin titer. 


A further comparison was made with 
methylcholanthrene, which was found to 
have 4 times the lethal effect of its analogue 
phenanthrene. Four hundred mg/kg body 
weight given 3 times in a 12-day period was 
found to be the maximum tolerated dose for 
methylcholanthrene and 1600 mg/kg body 
weight given 3 times in a 12-day period the 
maximum tolerated dose for phenanthrene. As 
shown in Table I, however, 3 injections of 
100 mg/kg body weight methylcholanthrene 
which is 14 the toxic dose produced marked 
antibody inhibition while 3 injections of 1600 
mg/kg body weight phenanthrene which 
equals the maximum tolerated dose of this 
substance produced no inhibition. On the 
basis of these findings it would not appear 
that general systemic toxicity is responsible 
for the decrease in hemolysin titer. 

The marked lowering of the antibody levels 
by the carcinogens may or may not be related 
to their carcinogenic activity. However, this 
reduction of hemolysin titers does suggest that 
in addition to a very gradual, localized change, 
thought to be associated with their tumor in- 
ducing ability, these compounds also produce 
a rather sudden systemic alteration which is 
reflected by the antibody producing system. 


Summary. A number of cancer chemo- 
therapeutic agents, carcinogens and their non- 
carcinogenic analogues were tested for their 
effect on sheep cell hemolysin production in 
mice. All of the chemotherapeutic agents, 
with the exception of furacin, depressed the 
antibody titers. All of the carcinogens also 
produced a marked depression of the antibody 
levels but their non-carcinogenic analogues 
were without effect. None of the substances 
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tested inhibited preformed antibodies in vive 
or in vitro. 
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Pancreatic Disease in Mothers of Suckling Mice Infected with Connecticut 


No. 5 Strain of Coxsackie Virus.* 


(19420) 


LAWRENCE J. KuNz, SHEILA RICHARDSON, AND ALWIN M. PAPPENHEIMER. 


From the Department of Bacteriology and Immunology, Harvard Medical School. 


It has been the practice in this laboratory, 
when infecting suckling mice with one or 
another strain of Coxsackie virus, to discard 
the mother at the completion of the experi- 
ment. But when it was shown that adult mice 
are susceptible to infection with the Connec- 
ticut No. 5 strain(1), it was decided to keep 
some of the mothers under observation in 
order to determine whether or not they might 
become spontaneously infected. 

Thus, the mothers of 19 litters were exam- 
ined microscopically at various intervals after 
infection of their young with Conn.-5 virus. 
Seven of these showed histologic evidence of 
pancreatic disease, which appears to be the 
principal pathologic effect of infection of 
adult mice with the Conn.-5 strain. Micro- 
scopic examination of the pancreas and liver 
of mothers naturally infected through their 
offspring reveals the same pathologic lesions 
which are characteristic of pancreatic disease 
produced experimentally in adult mice(1). 
Fig. 1 is a photomicrograph of a section of 
pancreas of a mother mouse which was found 
dead 9 days after inoculation of her young 
and 6 days after she had ingested 2 of them. 


* Aided by a grant from the National Foundatiox 
for Infantile Paralysis. 


There is a massive early necrosis of the entire 
pancreas. There was also severe hepatitis, 
with hyaline necrosis of many liver cells, and 
fatty infiltration of others, and many phospho- 
lipid containing cells in the sinusoids. In 
general, the character of the pancreatic lesions 
coincided fairly well with the period elapsing 
between the presumed ingestion of the infected 
young and the day of death or sacrifice. Thus 
there was massive necrosis in those mice sur- 
viving only 6 days, whereas those which lived 
10 to 12 days presented subacute lesions 
(Fig. 2). At this time the necrotic acinar 
cells have been removed and the remaining 
pancreas. consists almost entirely of islands 
and ducts embedded in loose areolar or fatty 
tissue thickly infiltrated with histiocytes. 
Hepatitis of varying degrees of severity 
was found in some animals. Fig. 3 shows 
extreme fatty infiltration of the liver, with 
necrosis of individual liver cells. 


The more obvious methods by which the 
mothers might acquire this viral infection 
from their offspring are: 1) by ingestion of 
the excreta of the sucklings, 2) by eating the 
sick or dead mice in their litters, and 3) by 
inhalation of infectious materials. In addition 
to the infected baby mouse carcass, both urine 
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ie FIG. 1. Mouse 4600. Mother died 9 days after inoculation of offspring 
Ke 6 days after ingestion of 2 dead young. Massive necrosis of entire pancreas. Island of Langer- 
hans and ducts have escaped destruction. HE 100. 


ay 


FIG, 2. Mouse 4637. Mouse saereticed 16 


_ (2) and feces(3) contain active virus. 

In order to determine the manner in which 
_ the mothers most probably become infected, 
the following experiment was performed: Ten 
_ litters (6 to 9 mice per litter) of O- to 1-day- 
_ old’ mice were inoculated intraperitoneally 
with approximately 1000 LDs5) of Conn.-5 
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with 10° Conn,-5 virus, 
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days after inoculation of offspring with 10~* suspen- 

sion of Conn.-5 virus. Pancreas: Complete loss of exocrine tissue; interstitial histiocytic 
reaction; preservation of islands and ducts. HE & 83. 


virus. The litters, with their mothers, were 
kept in individual cages for 72 hours. Close 
attention was paid to the number of sucklings 
which disappeared during this time—presum- 
ably eaten by the mothers. On the 4th day 
all of the mice were removed from the original 
cages and redistributed in the following man- 
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FIG. 3. Mouse 4599. Mother died 17 days after inoculation of 
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Spe 


offspring with 10-2 Conn.-5 virus, 


10-12 days after ingesting 2 dead young. Liver: Extreme fat infiltration; necrosis of scattered 
parenchymal cells. HE X 400. 


ner. Each mother was placed in a new indi- 
vidual cage for further observation. Normal 
7-week-old mice were exposed to the infected 
material of the original cages by being quar- 
tered in them, one to a cage, until the termina- 
tion of the experiment. The carcasses of the 
infected suckling mice were fed to an addi- 
tional group of normal adults. Ten 7-week- 
old mice in individual cages were each given 
3 sucklings which they rapidly consumed. All 
of the mice were observed for an additional 
15 days, after which they were sacrificed for 
histologic examination. The results, presented 
in Table I, indicate that adult mice are prob- 
ably infected neither by ingesting excreta of 
their young in the first 3 days after inoculation 
nor by the cage litter which has been con- 


TABLE I. Experimental Pancreatic Disease in 
Adult Mice. 


Pancreatic disease 


Exp. No. 
conditions mice Sex Present Absent 

1. Mothers of in- 10 Q 0 10 

fected litters* 
2. Quartered in 8 Q 0 8 

dirty cages 2 3 0 2 
3. Consumed in- 5 Q 3 2 

fected carcasses. 5 A 4 1 


* Four of the mothers ate one or 2 carcasses dur- 
ing the first 3 days. 


taminated by the infected suckling mice. 
Rather, it would appear that adult mice can 
and do develop pancreatic disease after in- 
gesting the carcasses of infant mice infected 
with Conn.-5 virus. 


In other experiments it was impossible to 
produce pancreatic disease in adult mice by 
feeding 10000 LDso of Conn.-5 virus in a 
dough of whole wheat flour and skim milk; in 
another experiment one out of 6 adult mice 
developed pancreatic disease after ingestion 
of a single carcass of an infected suckling 
mouse. Moreover, a single attempt to infect 
adult mice by the intranasal instillation of 
Conn.-5 virus was unsuccessful as judged by 
the failure to find signs of pancreatic disease 
in the inoculated animals. 


Evidence that the pancreas of naturally 
infected mothers contained virus was obtained 
by inoculating into 0-day-old mice, 10° and 
10~* dilutions of a pool of pancreas tissue sus- 
pension obtained from 3 mothers. All of the 
inoculated mice succumbed and 2 of them, 
which were examined histologically, showed 
the usual pancreatitis and hepatitis. 


Discussion. ‘There have been few previous 
studies bearing on the possibility of infection 
with Coxsackie viruses by oral administration. 
Melnick and associates(4,5) have found that 


1 
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chimpanzees and cynomologous monkeys, 
though showing no apparent illness which 
could be ascribed to the virus, readily became 
carriers and developed neutralizing antibodies. 
Kaplan and Melnick(6) have also shown that 
newborn mice are susceptible to oral infection 
with 5 different strains (4 immunologic types) 
of C virus, though not all of the mice became 
infected. Adult lactating females could not 
be infected with the High Point strain by 
feeding. The authors say that they have ‘‘ob- 
served many adult female mice who cannibal- 
ized their infected young without effect on the 
mothers.” Whether this included mothers of 
sucklings infected with the Conn.-5 strain is 
not stated. 

Since it has been shown that the mothers 
may become spontaneously infected with the 
Conn.-5 strain of Coxsackie virus and since 
those that survive may develop neutralizing 
antibodies which, by placental transmission or 
through lactation might protect their offspring, 
it is obvious that subsequent litters would be 
unsuitable for experiments with this strain. 
That this might also apply to other strains of 
Coxsackie virus is suggested by the recent 
finding that the Powers(7) and DeMole(8) 
strains are also capable of producing pan- 
creatitis in adult mice(9). 


RENAL TUBULAR REABSORPTION OF SODIUM 


491 


Summary. Mothers of suckling mice may 
spontaneously become infected with Conn.-5 
strain of Coxsackie virus, following inocula- 
tion and infection of their young with this 
virus. They develop pancreatic lesions and, 
in some cases, hepatic lesions identical with 
those produced after intraperitoneal injection 
of virus. This condition can be reproduced 
experimentally in adult mice of either sex by 
feeding them with the carcasses of infected 
suckling mice. 
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Influence of Glomerular Filtration Rate upon the Renal Tubular 


Reabsorption of Sodium.*t 


(19421) 


MattTHew N. Levy anp Jay L. ANKENEY.? (Introduced by Ewald E. Selkurt.) 
From the Department of Physiology, Western Reserve University School of Medicine, Cleveland, O. 


In a recent study(1), the administration 
of hypertonic saline to dogs resulted in an 
increased rate of sodium reabsorption in every 
case. Since the rise in plasma sodium con- 
centration was accompanied by a variable, 
but consistently present, elevation of glomeru- 


* This paper was presented in abridged form at 
meeting of the American Physiological Society, 


April, 1951. 


t+ Supported by a grant from the U. S. Public 
Health Service. 

#U. S. Public Health Service Postgraduate Re- 
search Fellow. 


lar filtration rate in each experiment, it was 
not possible to determine the factor which 
was responsible for the altered rate of sodium 
reabsorption. Other investigators also have 
observed changes in glomerular filtration rate 
subsequent to hypertonic saline infusions, the 
usual effect being an augmentation(2-3), al- 
though reduced filtration rates have occurred 
in some cases(4). 

In the present series of experiments the 
administration of hypertonic saline exerted 
only a negligible effect upon the rate of glo- 
merular filtration in six out of eight experi- 
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ments. This made it possible to distinguish 
the acute effects of elevated plasma sodium 
levels from those due to changes in filtration 
rate upon the rate of renal tubular reabsorp- 
tion of sodium. 

Methods. Eight acute experiments were 
performed upon male dogs anesthetized with 
sodium pentobarbital, 30 mg/kg. Urine was 
collected by means of plastic catheters in- 
serted directly into the ureters through a 
Suprapubic incision. After a pair of control 
clearance periods the plasma sodium level 
was progressively elevated by means of a con- 
tinuous intravenous infusion of 3% saline. 
Eight successive clearance periods were then 
obtained beginning soon after the hypertonic 
saline infusion had been started. The rate 
of saline administration was gradually aug- 
mented after every 2 periods. Plasma sodium 
levels were elevated for a total of only one 
hour or less in each experiment. Glucose Tm 
was determined in 5 of these experiments, 
and PAH Tm im the other 3, in an attempt 
to evaluate the effects of hypertonic saline 
upon renal tubular function. The clearance 
ai creatinine was used to measure the glo- 
merular filtration rate in all experiments. 
Creatinine was determined in plasma filtrates 
and urine by the method of Folin and Wu(5); 
PAH by the method of Smith ef ai/.(6); and 
glucose by the method of Benedict(7). The 
sodium content of all urine and plasma sam- 
ples was determined with a Perkin-Elmer 
flame photometer employing an internal lithi- 
um standard. No corrections were made in 
our calculations for the Donnan effect. 

Resulis. Fig. 1 illustrates the changes which 
occurred in slomerular filiration rate (C;,), 
the rate oi sodium reabsorption (Tx,), and 
the maximum secretory capacity for PAH 
(Tmss=) in 3 experimenis following the ad- 
ministration of hypertonic saline. It is evi- 
dent from the figure that only slight changes 
in C.. and Tx, are manifest in 2 of these ex- 
periments, represented by the squares ‘and 
triangles. In both of these experiments, C,, 
remained within = 4 cc/min of the mean 
value ior that experiment, and Tx, did not 
vary by more than = 0.6 mEq/min from 
the mean rate of sodium reabsorption, despite 
Wide variations in the plasma sodium concen- 
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FIG. 1. Effects of hypertonic saline upon PAH 
Tm, sodium reabsorption (Tx,), and glomerular 
filiration rate (Cc-,)- 


tration (Px.). This relatively constant rate 
of sodium reabsorption in the face of signifi- 
cant increases in sodium load resulted in 
tremendous increases in the rate of sodium 
excretion. 


In the third experiment, represented by the. 
circles in Fig. 1, Cc, dropped from a value of 
54 cc/min at a Px, of 144 mEq/1 to 44 cc/ 
min when Px, was elevated to 161 mEgq/1. 
Under these conditions the Tx, fell from 6.7 
to 4.4 mEq /min, a decrease which is relatively 
greater than the decline in Cc... In all 3 ani- 
mals the elevation of Px. obviously exerted a 
marked depressant effect upon the Tmpax. 
The Tm values at elevated plasma sodium 
levels were 43, 58, and 62% of control. 

Five similar experiments were performed 
in which the glucose Tm (Tmg) was de- 
termined instead of the PAH Tm, and these 
experiments are illustrated in Fig. 2. In this 
figure, the greatest alteration in glomerular 
filtration rate is manifest in the experiment 
represented by the open circles. There was a 
rise in this experiment from 54 cc/min at a 
Py, of 144 mEgq/1 to a rate of 73 cc/min 
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FIG. 2. Effects of hypertonie saline upon glucose 
Tm, sodium reabsorption, and glomerular filtration 
rate. 


when the Py, was 195 mEq/1. Under these 
conditions the rate of sodium reabsorption 
increased from 8.0 to 10.9 mEq/min, tending 
to parallel the change in Cc,. The results of 
this experiment closely simulate those of the 
previous studies reported by Selkurt and 
Post(1). 

In the other 4 experiments included in 
Fig. 2, the Co, changed to a much lesser ex- 
tent, and the Ty, also remained relatively 
constant over a wide range of plasma sodium 
concentrations. In these 4 experiments the 
greatest change in Co, was -- 7 cc/min from 
the mean value for that experiment (open 
squares), and the variation was significantly 
less in the remaining experiments of this 
group. The greatest deviation in Ty, was 
+ 0.75 mEq/min from the mean (solid 
triangles). In all experiments the rate of 
sodium excretion increased markedly as Py, 


| TOSE. 


When Fig. 2 is compared to the preceding 
figure, it is obvious that Tmpa;3 was much 
more severely depressed than was Tm, for 
equivalent increases in Py,. The glucose Tm 
varied from 32% below control to 5% above 
control following the administration of hyper- 
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tonic saline, with an average depression to 
16% below control for the 5 experiments. 

Discussion. When the plasma sodium con- 
centration was progressively elevated without 
incurring any significant alterations of glo- 
merular filtration rate, the rate of sodium 
reabsorption remained remarkably constant, 
and the excess sodium was eliminated in the 
urine. In those experiments in which an in- 
crease or decrease in filtration rate did occur, 
Ty. changed concordantly. In the studies of 
Selkurt and Post(1), Cc, and Tx, increased 
in every case, but the greatest rises in Ty, 
were observed in those experiments where Co; 
was augmented the most. ‘Thus, it appears 
that the rate of sodium reabsorption is inde- 
pendent of acute changes in plasma sodium 
concentration, but is very sensitive to changes 
in filtration rate. In these respects the mech- 
anism of sodium reabsorption appears to be 
similar to that for bicarbonate(8) and chloride 
(9). 

The depressant effect of elevated Px, levels 
upon the glucose and PAH transport mechan- 
isms is undoubtedly nonspecific in nature. 
Hypertonic saline has a similar action upon 
the rates of reabsorption of bicarbonate(8), 
sulfate(10), and ascorbic acid(11). It was 
shown by Selkurt and Houck(11) that the 
effect of hypertonic saline upon the ascorbic 
acid Tm was not due to the resultant diuresis, 
for equivalent increases in urine flow pro- 
duced by mannitol did not affect the rate of 
ascorbic acid reabsorption. Contrary to our 
demonstration of the marked depression of 
Tmpay by hypertonic saline, Stamler(12) 
demonstrated that saturation of the tubular 
secretory mechanism for PAH does not alter 
the rate of sodium transport. Therefore the 
depressant effect of elevated Py, upon the 
Tmpan iS not a true competitive phenomenon, 
and its exact nature remains obscure. It is 
evident, however, that neither Tmp,y nor Tmg 
should be used to assay effective tubular mass 
under conditions where significant alterations 
in Py, are produced. 

This very appreciable effect upon the trans- 
port mechanisms for glucose and PAH leads 
us to suspect that tubular function in general 
might be depressed by hypertonic saline. With 
respect to the renal tubular reabsorption of 


494 


sodium in particular, two alternative possi- 
bilities should be considered. First, it may be 
assumed that all aspects of tubular function 
actually are impaired. In this event the renal 
tubular cells might tend to reabsorb additional 
quantities of sodium as the load is increased, 
but would be prevented from doing so because 
of the impairment of function. The resultant 
effect would be the constant Tx, which was 
observed. The second possibility is that only 
certain discrete enzyme systems are inhibited 
and that the sodium reabsorptive mechanism 
is spared, thereby allowing Tx, to remain 
constant, while Tmpsy or Tmg are significant- 
ly reduced. Credence is lent to this possibility 
by the fact that Tmpay appears to be much 
more markedly affected than is Tmg, indi- 
cating that the various transport systems are 
not all altered to the same extent. At present, 
we cannot say which of these alternatives is 
the correct one. 


Summary. 1. When the plasma sodium 
concentration is progressively elevated in 
dogs by the administration of hypertonic 
saline, the rate of renal tubular reabsorption 
of sodium remains constant in those experi- 
ments where the glomerular filtration rate is 
not significantly affected. If the filtration 
rate increases or decreases in response to the 
hypertonic saline, the rate of sodium transport 
deviates in the same direction. Therefore, 
in experiments where the sodium level is 
elevated for a period of one hour or less, any 
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alteration in the rate of sodium transport is 
dependent upon the concomitant change in 
filtration rate. 2. Hypertonic saline exerts a 
profoundly depressant effect upon the PAH 
Tm, and a significant but less marked in- 
fluence upon the glucose Tm. This depression 
is believed to be nonspecific in nature and 
contra-indicates the use of these determina- 
tions as an index of effective tubular mass in 
experiments in which variations in sodium 
concentration are involved. 
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A Protective ‘Role of Pyridoxin Against the Toxic Effects of P®?.* (19422) 


CamiILtto Artom, W. E. CoRNATZER,t AND GEORGE T. HARRELL, JR. 


From the Departments of Biochemistry and Internal Medicine, Bowman Gray School of Medicine, 
Wake Forest College, Winston-Salem, N. C. 


In a continuation of our study on the 


* Technical assistance was given by J. Giles and 
C. Downs. This work was performed under a con- 
tract between U. S. Atomic Energy Commission and 
the Bowman Gray School of Medicine. The P22 
was obtained irom the Oak Ridge National Labora- 
.tories. Desoxypyridoxin was graciously supplied by 
Merck and Co., Rahway, N. J. A preliminary report 


effects of internal radiation by P** as related 
to various dietary factors(1,2), the role of 
pyridoxin has now been investigated. After 


was presented before the Southeastern Section of the 

Soc. Exp. Brot. anp Mep., Atlanta, Ga., Jan., 1952. 
+ Present address, Department of Biochemistry, 

University of N. Dakota, Grand Forks, N. D. 
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whole body irradiation of mice with mid- 
lethal doses of X-rays, large amounts of pyri- 
doxin prolonged the survival, but did not 
improve the anemia and leukopenia(3). In 
the present experiments when pyridoxin was 


added to a pyridoxin deficient diet with a low 


protein content, no change in the survival of 
mice injected with P*? was detectable. On the 
other hand, a marked degree of protection by 
the vitamin became apparent when the de- 
ficiency was’ made more severe by the admin- 
istration of a pyridoxin analog (desoxypyri- 
doxin) (4), or by diets which presumably in- 
crease the requirements for pyridoxin (high 
protein diets(5) with added cystine or meth- 
ionine(6) ). 


Experimental. Two basal diets were em- 
ployed, one with a 5% casein content (Diet 
34(1)), the other with a higher protein level 
(Diet 41, containing: Casein 30 p.p. 100, 
dextrin 29.5, sucrose 29.5, Crisco 4, cod liver 
oil 1, Ruffex 2, salt mixture (U.S.P. No. 2) 4). 


\ A mixture of B vitamins(2) from which pyri- 


doxin had been omitted, was incorporated in 
the diets. Six series of experiments were made 
on a total of 558 male albino mice, placed un- 


der experimental conditions: which have been 


described(1,2). In each series of experiments 
the animals were distributed in 4 groups: 
a,b,c, andd. All 4 groups received the same 
diet and the same supplements, except that 
pyridoxin HCl (1 mg/100 g of diet unless 
otherwise indicated) was added to the diet of 


vy groups b and d only. After 3 to 10 days on 


the experimental diet, the mice of groups @ 
and } were injected intraperitoneally with a 
solution of radioactive NasHP®20, (5 or 6 
pe/g) and kept under observation for 42 more 
days. Groups.c and d were used as controls 
and observed for the same length of time. 
The criteria previously used as an indication 
of the toxic effects of the isotope(1,2) were 
applied also to the results of the present ex- 
periments, except that in computing the aver- 


age length of survival, a survival of 42 days 


was ascribed to the mice still alive at the end 


__ of the experiment. 


Results. In the experiments of Series I 
(Table I) supplementation of the low protein 
diet with pyridoxin did not alter the survival 
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TABLE I. Survival of Mice Injected with P® 
(6 we/g) and Maintained on a Low Protein Diet 
(Diet 34).* 


Survivors Avg length 
Groups Pyridoxin No.of 2I1stday, of survival, 


ofmice in diet mice %o dayst 

a es = 24 67 32 + 2.8 
b — 1 67 30 + 2.5 
et — 12 100 42 
at a 12 100 42 


*Time of 50% deaths was >42 days for all 4 
groups. : 

+t VaJues preceded by + are the stand. errors of 
the means. 

t+ Control groups not injected with P®. 


TABLE II, Survival of Mice Injected with P® 
(5 we/g) and Maintained on a Low Protein Diet 
(Diet 34) with Added Desoxypyridoxin. 


iy : Z Si ag 
3 = aes te 5 
: se 8.0%, 23 25 
6 G&S 2s Bes BA zt 
Ils a =— 46 13 15 16 + 1.4 
b + 46 >42 7 34+1.9 
et — 39 >42 87 38 + 1.5 
at + mikey >42 100 42 
IIT|| a — 30 14 20 20 + 2 
b ob 27 >42 59 30 + 1.8 
et = 26 41 93 36 + 1.5 
VI a — 18 15 22 22 + 2.6 
b ae 18 >42 78 86 + 2.5 
et — 24 >42 92 39 +1.4 
dt + 12 >42 100 42 


*2 mg/100 g of diet, then 1 mg/100 g when 
desoxypyridoxin was omitted from diet. 

+ Values preceded by + are the stand. errors of 
the means. 

¢ Control groups not inj. with P*. 

§ Desoxypyridoxin (5 mg/100 g diet) for 

| 

1 


days. 


ont 


of the mice injected with P*?. The controls 
maintained on the pyridoxin-deficient diet and 
not injected with the isotope grew fairly well 
and did not show skin lesions, thus confirming 
previous indications(7) that, unlike the rat, 
the mouse on a moderately low protein diet 
does not develop typical symptoms of pyri- 
doxin deficiency. In the experiments of 
Series II, III and IV (Table IT) in which the 
low protein diet contained desoxypyridoxin, 
survival figures were higher in the groups in- 
jected with P%* and receiving pyridoxin, in 
addition to the anti-vitamin. Similar differ- 
ences between the groups receiving or not re- 
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TABLE III. Survival of Mice Injected with P® 

(5 we/g) and Maintained on a High Protein Diet 

(Diet 41) with Added Cystine (Series V) or Meth- 
ionine (Series VI). 


a * 
n S _ 
* = es eo e's 
= 7 ay & Sb one 
Zz c+ cH ons Es o 
So sno) S Chea, ‘saa Pall 
of. 5S 38 SSR fe Mae 
Os re Wie Zs Bos Ra {ond 
VF a tee Se Ne) 18 22 - 21+ 2.6 
b See es in Sag 838 86 +2.4 
et sei 2) 41 96 87414 
dt ce adem sae 95 39+1.3 
VIS a eS 15 28-2142 
b Sea 28 67 27+2.4 
ct Se OA SA NGO: ar 9 tend 
dt Sees ae 91 40+1 


* Values preceded by + are the stand. errors of 
the means. 

t Control groups not inj. with P®. 

t Cystine (.3 g/100 g diet) for 52 days. 

§ Methionine (.5 g/100 g diet) for 47 days. 


TABLE IV. Statistical Appraisal of the Protec- 
tion by Pyridoxin Against P® Toxicity. 


30% casein 
10% casein + S-con- 
+ desoxy- taining am- 


pyridoxin ino acids 
No. of mice inj. with P® 185 101 
No. of sur- Chi? 41 24 
vivors { 
21st day L izas <al O31 <.01 
Diff. between -11+1.12t 10+.98t 
adjusted 
means 
Avg length of + 
surviyal t 9.9 10.2 
1 <00 <5 40 1 


* Probability for a chance occurrence. 
+ Stand. errors of the diff. between adjusted 
means. 


ceiving pyridoxin are apparent (Table III) 
in the experiments with a high protein diet 
supplemented with cystine (Series V), or 
methionine (Series VI). In the pyridoxin de- 
deficient groups of all 5 Series of experiments 
acrodynia appeared early and often pro- 
gressed to the almost complete loss of hair. 
Growth of these mice was also definitely im- 
paired. For a statistical evaluation, the re- 
sults of the experiments of Series II-IV, or 
Series V and VI, respectively, have been 
grouped together. The average values from 
the groups a and b were then adjusted on the 
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basis of the data from the corresponding con- 
trols which did not receive the isotope (groups 
cand d). The significance of the differences 
between these adjusted means was then esti- 
mated, using the Chi? method for the number 
of survivors at the 21st day and the ¢ test of 
significance for the average length of survival 
(Table IV). 

Discussion. It is apparent that the admin- 
istration of pyridoxin to mice which are actu- 
ally deficient in pyridoxin exerts a significant 
protection against the injurious effect of P®?. 
This protection is of about the same degree 
as that observed previously with the combined 
administration of vitamin By. and folic acid 
to mice, placed on sulfasuxidine-containing 
diets and injected with P?°(2). It is possible 
that both groups of findings may be due pri- 
marily to a beneficial effect on the recovery of 
the bone marrow, although evidence for a spe- 
cific role of pyridoxin in erythropoiesis is 
somewhat equivocal and restricted to certain 
animal species (see, for instance(8)). On the 
other hand, atrophy of the thymus and lym- 
phoid tissue accompanied by changes in the 
white blood cells is a striking and constant 
finding in acute pyridoxin deficiency(9). It 
is tempting to compare our present observa- 
tions with others(10), suggesting that the in- 
tegrity of large sections of the lymphatic sys- 
tem (as by lead-shielding the spleen during 
exposure to X radiation) increases the sur- 
vival of the animals and hastens the regenera- 
tion of hemopoietic tissues. 


Summary. Mice placed on pyridoxin-free 
diets were injected with a single dose of radio- 
active phosphate (5-6 wc/g). In the animals 
maintained on a low protein diet (in which 
symptoms of vitamin deficiency did not ap- 
pear), the administration of pyridoxin did not 
affect the survival. On the contrary a marked 
protection by pyridoxin against the injurious 
effects of P®? was observed in experiments in 
which the vitamin deficiency had been made 
more severe by adding a pyridoxin analog 
(desoxypyridoxin) to the low protein diet, or 
by increasing the requirements for the vitamin 
(high protein diets with added cystine or 
methionine). In these experiments the differ- 
ences between the groups receiving and those 
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not receiving pyridoxin were larger than the 
differences which might result from a simple 
additive effect of the internal radiation and 
vitamin deficiency. 
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Effects of Some Metabolic Analogs on Growth of Mumps and Influenza 


Viruses in Tissue Cultures.* 


(19423) 


Ricuarp T. CusHINGt AND HERBERT R. MorRGAN. 


From the Department of Bacteriology, University of Rochester School of Medicine and Dentistry, 
Rochester, N. Y. 


The inhibition of viral multiplication by 
various metabolic antagonists in tissue cul- 
tures has been studied by several investigators, 
using a number of viruses(1-4). Indeed, this 
technic is a promising avenue of approach for 
studying the growth requirements of many 
viruses. Using this method, certain vitamin, 
amino acid, and purine analogs were inves- 
tigated to determine if they would ‘inhibit 
effectively multiplication of mumps and in- 
fluenza viruses in cultures of chick embryonic 
tissue without serious toxic effects on the host 
tissue. 

Methods. Cultures of 9- to 11-day-old 
chick embryonic tissue were prepared, employ- 
ing a method similar to that of Earle(5). 


* This investigation was aided by a grant from 
the National Institutes of Health, U. S. Public Health 
Service. 

+ Special Student Fellow of the National Foun- 
dation for Infantile Paralysis. 


Perforated cellophane discs cut to size were 
placed in the bottoms of 10 ml Erlenmeyer 
flasks which were then autoclaved. Using 
whole embryo tissue for the cultures to be 
inoculated with influenza virus, and amniotic 
membrane tissue for those cultures to be in- 
fected with mumps virus, the tissues were 
minced with scissors in Hanks’s(6) balanced 
salt solution without added sodium bicar- 
bonate. The tissue fragments were then 
planted in the flasks underneath the cello- 
phane discs. Two ml of nutrient solution 
composed of 2 volumes of Hanks’s solution 
with sodium bicarbonate and one volume of 
ox serum ultrafiltrate, to which the virus was 
added, were then placed into each flask. The 
viruses employed were strains of mumps and 
influenza (PR8) viruses which had been cul- 
tivated in the allantoic sacs of embryonated 
eggs. Incubation of the tissue cultures was 
at 36°C. After 24 hours the infected nutrient 
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fluid was withdrawn and replaced with 2 ml 
of fresh nutrient solution containing one of 
the analogs. The analog was added to the 
cultures for 2 successive fluid changes, after 
which they were maintained on normal nu- 
trient solution. Fluid changes were made 
every 48 hours on the influenza cultures, 
every 96 hours on the mumps cultures, and 
the fluid removed was tested promptly for 
virus content by hemagglutination titrations 
with hen erythrocytes. Duplicate flasks were 
prepared for each concentration ef each ana- 


log, and appropriate control cultures were 
maintained for the duration of each experi- 
ment. The experiments were continued until 
the control cultures showed greatly diminished 
virus yield. Approximately 100 units of peni- 
cillin and 100 xg of streptomycin /ml were 
added to the nutrient fluid to protect against 
bacterial contamination. 

To study the possible toxic effects of the 
test analogs on chick embryo tissue, frag- 
ments of heart tissue from 12- to 14-day-old 
embryos were planted in plasma clots in Carrel 


rr — A 
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TABLE I, Effect of Various Analogs on Growth of Mumps and Influenza (PR8) Viruses in 
Tissue Cultures. 


Concentration, 


—-Virus inhibition 


Analog mg/ml Metabolite Flu Mumps 

Desoxypyridoxine mI Pyridoxine 0 0 

d = 19 <r 
Oxythiamine a Thiamine 0 xi 

5 4 + 
Pyridine-3-sulfonic acid oO Nicotinic acid 0 0 
2-Amino-4-hydroxy-6- Fr Xanthine 0 0) 

formylpterine 

Salicyl-g-alanide 5 Pantothenic acid 0 0 
2,6-Diaminopurine Au Adenine 0 0 
8-Azaguanine oO Guanine 0 0 
g-2-thienylalanine Po) Phenylalanine - 0 0) 


flasks. Nutrient fluids containing the ana- 
logs were added, and these cultures were in- 
cubated for 4 days at 36°C. Daily examina- 
tions were made to observe the ability of the 
fragments to pulsate and to note the out- 
growth of fibroblasts at the periphery of the 
explants. 

Results. Two of the vitamin analogs, 
oxythiamine and desoxypyridoxine, demon- 
strated a definite inhibitory effect on the mul- 
tiplication of both mumps and _ influenza 
(PR8) viruses, as shown in the growth curves 
(Fig. 1 and 2). Of the two viruses, mumps 
appears to be the most sensitive to oxythia- 
mine. Mumps virus growth was markedly 
inhibited, within the limits of hemagglutina- 
tion measurement, when exposed to 0.1 mg/ml 
of oxythiamine, while influenza virus multipli- 
cation was only moderately inhibited at 0.5 
mg/ml of this analog. Both viruses were 
markedly inhibited by desoxypyridoxine at a 
concentration of 0.5 mg/ml but not at 0.1 
mg/ml. In the toxicity tests these two com- 
pounds, at the concentrations employed, did 
not produce obvious toxic effects on the chick 
embryonic heart tissue as measured by con- 
tractility and fibroblastic proliferation. 

The remaining analogs, pyridine-3-sulfonic 
acid, salicyl-@-alanide, 2-amino-4-hydroxy-6- 
formylpterine, 2,6-diaminopurine, 8-azaguan- 
ine, and @-2-thienylalanine, produced no sig- 
nificant inhibitory effect on the growth of 
either virus at the concentrations used 
(Table I). 

Discussion. Since sufficient time (24 hr) 
for the inoculated virus to invade the host 
‘tissue elapsed before the analogs were intro- 


duced, it would seem that the effects of these 
analogs were exerted on intracellular virus 
rather than by blocking the attachment of the 
virus to the cells. 

Ackermann(7) has presented evidence that 
the functioning of the Krebs cycle of carbo- 
hydrate metabolism is essential for the mul- 
tiplication of influenza (PR8) virus in tissue 
cultures. It may be that oxythiamine blocks 
pyruvate oxidation and entry of pyruvate 
into the Krebs cycle of the intermediary 
metabolism of the tissue cells sufficiently to 
inhibit multiplication of the virus. Using cell 
preparations containing tyrosine decarboxylase 
as their test system, Umbreit and Waddell (8) 
have concluded that desoxypyridoxine exerts 
its antagonistic effect after being phosphor- 
ylated by competing with pyridoxal phosphate 
for the apoenzyme. It might be postulated 
that phases of amino acid metabolism, such as 
transamination in which pyridoxine functions 
as a coenzyme, are essential to viral multipli- 
cation. 

The inhibitory effect of oxythiamine and 
desoxypyridoxine on mumps and influenza 
(PR8) virus growth was not reversed signifi- 
cantly by the withdrawal of these analogs, 
at least as measured by the hemagglutination 
technic. It should be noted, however, that 
the rapid growth phase of the viruses in the 
control cultures generally had passed its peak 
by the time the analogs were removed from 
the test cultures. Hence, it is not clearly 
demonstrated that the inhibition was irre- 
versible. 

Summary. The vitamin analogs oxythia- 
mine and desoxypyridoxine inhibit the multi- 
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plication of mumps and influenza (PR8) 
viruses in tissue cultures at concentrations 
shown to be without observable toxic effects 
on the tissue itself. Other analogs tested, 
including pyridine-3-sulfonic acid, salicyl-B- 
alanide, 2-amino-4-hydroxy-6-formylpterine, 
2,6-diaminopurine, 8-azaguanine, and £f-2- 
thienylalanine, demonstrated no significant 
inhibitory effects on the growth of these 
viruses under the conditions of these experi- 
ments. 
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Effect of “Benemid” and Carinamide on Penicillin Therapy of Experimental 


Pneumococcic Infections in Mice. 
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(Introduced by L. E. Arnow.) 


From the Department of Bacteriology, Research Division, Sharp & Dohme, West Point, Pa. 


Carinamide (4’-carboxyphenylmethanesul- 
fonanilide) is a compound capable of inhibit- 
ing the excretion of penicillin by the renal 
tubules(1). Therefore, higher and more pro- 
longed plasma concentrations of penicillin are 
produced when carinamide is administered 
during penicillin therapy(2). The oral ad- 
ministration of carinamide was found to 
enhance the therapeutic effectiveness of peni- 
cillin administered intramuscularly 6 to 16- 
fold in the treatment of experimental pneumo- 
coccic infections in mice(3). The enhanced 
chemotherapeutic effect demonstrated in these 
experiments has been confirmed clinically (4), 
but relatively large doses of carinamide were 
required in order to maintain the blood level 
of this compound necessary to suppress the 
tubular excretion of penicillin. 

In the continuing search for compounds 
capable of suppressing more efficiently the 
tubular excretion of penicillin, ‘Benemid’,t 
[p(di-n propylsulfamyl) benzoic acid], was 
found to be effective in dogs, was well ab- 
sorbed when given by mouth, and was ex- 


* Present address: 
Wash. 


U. of Washington, Pullman, 


creted so slowly that its renal clearance could 
not be estimated(5). These results suggested 
the comparative evaluation of carinamide and 
‘Benemid’ for the inhibition of penicillin ex- 
cretion using dogs, and the results have been 
reported(5). In addition to these strictly 
pharmacologic studies, it was considered ad- 
visable to compare these two compounds 
quantitatively in terms of their effects upon 
the actual chemotherapeutic activity of peni- 
cillin in the treatment of an experimental 
infection in mice. In the experiments to be 
described, carinamide and ‘Benemid’ have 
been compared with respect to their penicillin- 
enhancing effects and with respect to the time 
during which the two compounds are able to 
increase the therapeutic effect of penicillin 
through the suppression of its tubular excre- 
tion. In addition, determinations were made 
of the blood level curves resulting from the 
selected doses of carinamide and ‘Benemid’ 
so that the potentiating actions of these two 


+ ‘Benemid’ is the trademark applied to p-(di-n 
propylsulfamyl) benzoic acid by Sharp and Dohme. 
The tentative nonproprietary name of this compound 
is probenecid. 


drugs could be related to their plasma con- 
centrations, 


Experimental. Female mice+ weighing 16- 
22 g were used. For the chemotherapeutic 
experiments, mice were infected intraperi- 
toneally with approximately 1000 minimum 
lethal doses of a Type I pneumococcus con- 
tained in 0.5 ml of a diluted 6-hour broth 
culture. Intramuscular injections of varying 
concentrations of aqueous sodium penicillin 
were given in 0,05 ml quantities at the time of 
infection, designated as zero hour, and again 
12 hours after infection. Five or 10 mg of 
‘Benemid’ or carinamide, suspended in 0.5 
ml of 0.5% gum tragacanth, were given by 
stomach tube at zero hour or at 1,2,4,6,8 or 
10 hours before each penicillin injection. In- 
fected control mice receiving penicillin but no 
adjunct therapy were fed 0.5 ml of the traga- 
canth suspending material at zero hour. Each 
treatment group consisted of 10 mice and the 
experiments were terminated 7 days after 
infection. The dose of penicillin protecting 
50% of the mice (PD;o) then was calculated 
for each treatment schedule, using the method 
of Reed and Muench(6). 


Results. It can be seen that the variable 
in these experiments is the time between the 
feeding of carinamide or ‘Benemid’ and the in- 
_ jection of penicillin; therefore, the greater 
the persistence of the adjuncts in the blood, 
the greater and more prolonged would be their 
effect in reducing the penicillin PDs). The 
results of the experiments have been expressed 
as the percentage reduction in the dose of 
penicillin protecting 50% of the animals 
(PD;») compared to the control values ob- 
tained when no adjunct therapy was adminis- 
tered. The data from several separate experi- 
ments have been averaged and the effect of 
the adjunct pre-feeding time on the penicillin 
PD-» is shown in Table I. It will be seen that 
when either carinamide or ‘Benemid’ is given 
orally at the time of penicillin therapy (zero 
hour), there is a 90% to 97% reduction in 
the amount of penicillin required to protect 
50% of the treated animals. Further experi- 
ments have indicated that this magnitude of 


+ Obtained from Carworth Farms, New City, 
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TABLE I, Percentage Decrease of Penicillin PDso 
Caused by Adjunct Feeding at Various Times 
Before Penicillin Therapy. 


Hr before 
penicillin Carinamide ‘Benemid’ 
therapy dmg 10 mg 5mg 10 mg 
0 90 94 95 97 
1 87 94 89 98 
2 64 93 90 96 
4 29 D7 73 92 
6 tk 26 65 3 
8 16 37 23 91 
10 85 


decrease represents the maximal enhancement 
of therapy that can be expected from the com- 
plete suppression of renal tubular excretion of 
penicillin. Absorption of the two adjuncts 
from the intestinal tract apparently is rapid 
since no increase in effect is noted when the 
compounds are fed one hour before the injec- 
tion of penicillin. These figures also demon- 
strate that the 5 mg dose of carinamide main- 
tained maximal effectiveness for one hour, 
but that a 5 mg dose of ‘Benemid’ maintained 
the same maximal effectiveness for about two 
hours. Correspondingly, when the 10 mg 
doses of these compounds are compared it 
can be seen that carinamide produces maxi- 
mum potentiation of penicillin action for ap- 
proximately 2 hours whereas ‘Benemid’ main- 
tains its full effectiveness for 8-10 hours. 
Comparisons drawn from the figures in Table 
I using other levels of effectiveness confirm 
the conclusion that the ability of ‘Benemid’ 
to support the chemotherapeutic action of 
penicillin is more prolonged than that of 
carinamide. These data indicate that when 
equivalent oral doses are given, ‘Benemid’ has 
at least two to three times the duration of 
action of carinamide. 

Since the greater activity of ‘Benemid’ in 
enhancing the effectiveness of penicillin could 
be caused either by its longer persistence in 
the blood stream or by the possession of a 
greater intrinsic activity, experiments were 
undertaken to determine the plasma concen- 
trations produced by equivalent single oral 
doses of carinamide and of ‘Benemid’. For 
this purpose four large groups of mice were 
employed. In a series of carefully timed ex- 
periments each mouse was fed a single dose 
of either 5 or 10 mg of ‘Benemid’ or carina- 
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FIG. 1. Average plasma concentrations of carina- 
mide and ‘Benemid’ in mice produced by single 
oral doses, 


mide. At exactly 14, 1, 2, 4, 6, 8 and 10 hours 
after the feeding, 17 to 20 mice from each 
group were exsanguinated under ether anes- 
thesia. Pooled plasma samples were assayed 
using a modification of the method of Brodie, 
' Levy and Bernstein for the determination of 
carinamide(7) and both a spectrophotometric 
and a colorimetric method for ‘Benemid’(8).$ 
The results of several replicated experiments 
were averaged and are shown in Fig. 1. It 
will be seen that, although the initial concen- 
trations of equivalent doses of the two drugs 
are quite similar, the plasma levels of ‘Bene- 
mid’ fall off at a slower rate than do those of 
carinamide. However, this difference in the 
rate of disappearance from the blood stream 
does not appear to be sufficient to explain 
completely the difference in effectiveness of 
these compounds in the enhancement of peni- 
cillin therapy. 

Table II shows the plasma concentration 
values of carinamide and ‘Benemid’ that were 
observed to reduce the PDs; 9 of penicillin by 
85%, 70%, and 40%. The times at which 
these percentage reductions occurred were 
obtained by interpolation on curves construc- 
ted from the data of Table I. The plasma 
concentrations listed in Table II then were 
read from the blood level curves at the indi- 
cated times. It can be seen that carinamide 
in amounts of 12.5 and 14 mg per 100 ml were 
required to decrease the penicillin PD59 85%, 


§ These assays were performed through the kind 
cooperation of Dr. K. H. Beyer and Grace S. Schu- 
chardt of the Pharmacology Section, Research Di- 
vision, Sharp & Dohme, Inc. 
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whereas ‘Benemid’ at 7 and 1.7 mg per 100 
ml accomplished the same reduction. The 
other figures also demonstrate that equal 
effects are produced by about one-half as 
much ‘Benemid’ as carinamide. 

Discussion. The mouse protection data 
clearly indicate that the effect of ‘Benemid’ 
upon the therapeutic activity of penicillin is 
of considerably longer duration than is the 
effect of carinamide. The work of Boger, 
Gallagher, and Pitts on human patients(9) 
supports this observation. 

When the protection test data are con- 
sidered in conjunction with the information 
concerning the rate with which these’ two 
drugs disappear from the plasma, it becomes 
apparent that the prolonged effectiveness of 
‘Benemid’ in mice is the result not only of 
its slower elimination but also of its greater 
intrinsic activity. Although the renal clear- 
ance studies of Beyer, et al., have indicated 
that equal plasma concentrations of carina- 
mide and ‘Benemid’ exert approximately equal 
effects on penicillin excretion in dogs, the 
data reported here indicate that, in the 
mouse, ‘Benemid’ may be at least twice as 
effective as is carinamide at apparently 
equivalent plasma concentrations. This seem- 
ing discrepancy between the results of the 
two types of experiment may be explainable . 
on the basis of species differences in the 
manner in which these two compounds are- 
metabolized. Clinical impressions, based on 
determination of the plasma concentration of 
these two drugs found necessary to produce 
enhancement of the penicillin plasma con- 
centrations in human beings, suggest that the 
greater effectiveness of ‘Benemid’ demon- 
strated in mice also is found in humans(10). 

Summary. 1. Oral administration of either 
carinamide or ‘Benemid’ enhances the thera- 
peutic effectiveness of intramuscularly in- 
TABLE II. Plasma Concentrations of Carinamide 


and ‘Benemid’ (mg/100 ml) Required to Produce 
Specified Reductions of Penicillin PDs. 


% veduction 


of penicillin Carinamide ‘Benemid’ 
PDs5o 5mg 10mg dmg 10mg 

85 12.5 14 7 aleve 

70 8 10 4.5 — 

40 4 5.5 2 —_— 
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jected penicillin in mice experimentally in- 
fected with Type I pneumococci. 2. When 
equal oral doses of these adjuncts are given, 


'‘Benemid’ had at least two to three times 


the duration of action of carinamide. 3. 
Plasma concentration studies show that ‘Bene- 
mid’ disappears from the blood stream at a 
somewhat slower rate than does carinamide. 
4. Plasma concentration studies, combined 
with a consideration of the protection test 
data, suggest that ‘Benemid’ has about twice 
the intrinsic activity of carinamide. 5. The 
combined data indicate that the prolonged 
effectiveness of ‘Benemid’ in mice is the result 
not only of its slower rate of disappearance 
from the blood stream but also of its greater 
intrinsic activity. 
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Comparative Study of Anabolic Effects of Three Androgenic Steroids.* 
(19425) 


W. DEAN WARREN AND Marx A. HAYES. 


(Introduced by R. L. Kahn.) 


From the Department of Surgery, University of Michigan Medical School, Ann Arbor, Mich. 


It has been reported(1) that testosterone 
cyclopentylpropionate (hereafter referred to 
as TCP) has greater anabolic and androgenic 
activity in rats than testosterone propionate 
(TP) or methylandrostenediol (MA). Stud- 
ies in man(2) have shown that TCP has a 
more effective androgenic action than has TP. 
As a result of recent clinical experiments(3), 
it seemed desirable to attempt a comparative 
evaluation of the anabolic potency in man of 
these 3 steroidal preparations. 

Method. A 56-year-old white man in good 
nutrition with a gastrostomy for a benign 
stricture of the esophagus was placed on a 
constant daily tube diet supplying: protein 
70 g (11.2 g nitrogen), carbohydrate 98 g, 
1730 calories; sodium 55.5 meq, potassium 
70.7 meq, and adequate vitamin supplements 
all in a volume of 3050 cc. Twenty-four-hour 
urine specimens were collected and were meas- 
ured carefully for volume and analyzed for 


* Supported by the Lawrence J.. Montgomery Re- 
search Fund. 


total nitrogen (Koch-McMeekin method), 
carbohydrate (Nelson-Somogyi method), so- 
dium and potassium (Perkin-Elmer flame 
photometer). Periodic determinations were 
made of the 24-hour urinary excretion of 17- 
ketosteroids (Robbie and Gibson method). 
Fecal nitrogen was not measured and was as- 
sumed to be constant(4). After a 7-day con- 
trol observation period, and at 7-day intervals, 
the patient was given an intramuscular injec- 
tion with equivalent contents of testosterone 
(2) of each of the 3 steroids in the following 
order: TP (300 mg), MA (300 mg), and 
TCP (353 mg)’. 


Results. Fig. 1 presents the metabolic data 
of the entire experiment graphed according to 
the method of Reifenstein, Albright, and 
Wells(5). The apparent nitrogen retention 
manifested during the control period is ac- 
counted for in the calculated but unmeasured 
fecal losses. The dotted line extending through 
the experimental periods is the average excre- 
tion level of each substance calculated from 


DAYS ! 


CoMPARATIVE ANABOLIC EFFECTS OF ANDROGENS 


2345 67 8 9 0 Il l2 13 14 15 6 17 18 19 20 21 22 23 24 25 26 27 28 


T.P. - TESTOSTERONE PROPIONATE 
M.A. - METHYL ANDROSTENEDIOL 
T.CP.- TESTOSTERONE CYCLOPENTYL PROPIONATE 


FIG. 1. Daily metabolic data illustrating the effects of the 3 androgenic drugs. The arrow 


indicates the day of administration of the drug. Data charted according to Reifenstein, Al- 
bright and Wells(5). 


the control period and shows the absolute re- 
tentions produced by the 3 steroid prepara- 
tions. Table I presents both the daily 
average excretory levels and the cumulative 


balances of water, nitrogen, sodium and potas- 


TABLE I. Daily Average Excretory Values and 
Cumulative Balances for Sodium, Potassium, Nitro- 
gen as Influenced by the 3 Androgenic Agents. 


Period, Water, 
days (incl. ) ce NG Na,meq K,meq 
Avg daily urinary excretion 
Control 1-7. 2150 10.3 44.5 54.6 
Te 8-14 1640 9.1 25.9 50.8 
MA 15-21 1590 9:2 23.8 50.3 
TCP 22-28 1440 8.2 11.5 48.7 
Cumulative retention 

Control 1-7 -—— — _- — 
EP 8-14 3700 8.2 150.3 16.8 
MA 15-21 3910 The 165.1 2 
TCP 22-28 - 4990 14.1 251.4 31.1 


sium as effected by the 3 individual steroids 
compared with the control period. The an- 
ticipated retention of water, nitrogen, sodium 
and potassium(6,7) occurred following the 
injection of each of the preparations. It is 
readily apparent, however, (Table I) that the 
most profound effect followed the administra- 
tion of TCP, when the comparable 7-day 
period cumulative retention of nitrogen was 
significantly greater by almost a factor of 2 
and the 24-hour urinary excretion of 17-keto- 
steroids still indicated available steroid. The 
cumulative retentions of nitrogen, water and 
electrolytes with both TP and MA were essen- 
tially the same with equivalent dosages and 
were of much shorter duration, though the 
17-ketosteroid excretion is reliable only in 
evaluating the duration of activity of TP, 
since MA is not metabolized and excreted as a 
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17-ketosteroid. 
Summary. Comparative anole evalua- 
tions after a single equivalent dose injection 


of testosterone propionate, methylandrosten- 


ediol and testosterone cyclopentylpropionate 
indicate that TP and MA are about equal in 
anabolic potency, while TCP is twice as effec- 
tive over a comparable period of time. TCP 
is also effective for a greater period of time, 
undetermined in this study. 


The authors are indebted to many people for their 
assistance in this investigation: B. S. Dobbie, H. 
Bergene, and their staff on the surgical wards, Uni- 
versity Hospital; J. P. Chandler, Consulting Bio- 
chemist, University Hospital; H. F. Hailman, the 
Upjohn Co., Kalamazoo, Mich., for the oral fat 
emulsion (Lipomul) and the testosterone cyclopen- 
tylpropionate; F. E. Houghton, of Ciba, Sum- 
mit, N. J. for the testosterone propionate; M. W. 
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Amster, Schering Corporation, Bloomfield, N. J., 
for the methylandrostenediol (Methostan). 
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Effect of Follicle-Stimulating Hormone on Gonads of Immature C57 


Black Mice.* 


(19426) 


Henry D. Moon AND Cuou Hao Lt. . 


From~ the Division of Pathology, School of Medicine, 


and the Department of Biochemistry, 


University of California, San Francisco and Berkeley. 


While mice have been utilized extensively 
for the bioassay of urinary gonadotropins, 
there have been no reliable data on the effects 
of highly purified follicle-stimulating hormone 
in mice. This study was performed with the 
purpose of determining the responsiveness of 
mice of the C57 black strain to a highly puri- 
fied follicle-stimulating hormone (FSH) prep- 
aration isolated from sheep pituitary glands 
(1,2). Female C57 black mice, 20 to 24 days 
old, were injected daily with FSH for 5 days 
and autopsied 24 hours after the final injec- 
tion. Groups of 6 mice were used for each 
level of FSH. At autopsy the ovaries and 
uteri were dissected, weighed and fixed in 
formalin. Paraffin sections of the uteri and 
the ovaries, stained with hematoxylin and 
eosin, were prepared. 

A right orchidectomy was performed on 


* Aided in part by grants from the University of 
California Cancer Grant, the Eli Lilly Laboratories, 
Merck and Co., and the Armour Laboratories. 


male mice 21 to 27 days old of the C57 black 
strain; the right testis was weighed and fixed 
in formalin. Immediately following orchidec-- 
tomy, FSH was injected daily for 5 days. 
The animals were sacrificed on the 6th day 
following orchidectomy, 24 hours after the 
final injection. The left testis was weighed 
and fixed in formalin. Microscopic sections 
of both testes were prepared. Controls of both 
sexes of similar age range were not injected. 


Results. Female mice. The ovaries showed 
no morphologic changes at 0.05 and 0.10 mg 
levels. The uteri of all mice showed endo- 
métrial and myometrial stimulation character- 
istic of that produced by estrogens. The un- 
injected controls showed infantile ovaries and 
uteri (Table I). With total doses of 0.25 mg 
or more the ovaries showed some follicular 
development. A 5 mg total dose produced oc- 
casional follicular hemorrhages and early 
thecal luteinization. 

Male mice. The uninjected controls showed’ 
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TABLE I. Effect of FSH on Ovaries and Uteri of Immature Cs; Black Female Mice. 
Age at Total 
No.of autopsy, dosage, ,— Ovaries—————_,_ -——Uterus——_, 
mice days mg Wt, mg Microscopic Wt, mg Microscopie 
14 26-31 0 6.8 Infantile 5.6 Infantile 
(4.2-8) (2-8.4) 
6 29 05 4.3 es 11 Slight estrogenic 
(4-4.5) (7.8-17.8) effect 
6 29 1 6.1 2 ays Same 
(3.4-9.3) (10.6-13.4) 
6 27 25 8.6 Medium follicles 34.4 Hstrous 
(6.2-10.3) (28.4-38.2) 
6 31 5 Hees ee 7" 30.6 2 
(6.4-8.9) (25.4-38.2) 
6 26 2.5 16 Medium and large 35.3 yet 
(11.4-19.8) follicles (25.6-56.8) 
6 27 5 28.6 Same 37.6 £ 
(27-29.8) (34,3-41.9) 
TABLE II. Effect of FSH on Testes of Immature C57 Black Male Mice. 
Age at Total 
No.of autopsy, dosage, »———Right testis———,. ——-Left testis————, Avg wtin- 
mice days mg Wt, mg Microscopic Wt, mg Microscopie crease, mg 
9 27=29 0 26.2 Infantile 295% Infantile 3.5 
(12.9-37.8) (13.6-38.8) 
6 33 5 36.9 2g 44.8 No change 7.8 
(24.8-50.2) (38 -56.4) 
6 29 12.5 26.4 a2 38.9 beh 12.5 
(20.9-30.1) (35.8-45.1) 


‘infantile testes. The left testis was slightly 
‘heavier than the right, which had been re- 
moved as a control at the beginning of the 
-experiment (Table II). The mice receiving 
FSH also had larger left than right testes; 
‘moreover, the amount of gain in weight of the 
left over the right was greater than in the 
uninjected controls. No significant micro- 
scopic changes were detectable. The prostate 
glands and seminal vesicles showed no ob- 
servable stimulation. 

Comment. The ovaries of female mice of 
the C57 black strain showed no significant 
morphologic changes in response to FSH in- 
jections up to the 0.1 mg total dose level. 
It is of interest that estrogenic effects on the 
uterus occurred at low levels of FSH which 
did not produce morphologic changes in the 
ovaries. A total dose of 2.5 mg was necessary 
to produce significantly larger ovaries, whereas 
a total dose of 0.05 mg caused some estrogenic 
effect on the uterus. These observations in- 
dicate that increased functional activity of the 


ovaries precedes morphologic alterations de- 
tectable by the usual histologic methods. 

Male C57 black mice were much less sensi- 
tive to injections of FSH than were the fe- 
males. Although the testes of the animals re- 
ceiving the hormone showed a greater gain in 
weight than those of the uninjected controls, 
no microscopic evidence of specific stimulation 
was present. This is in contradistinction to 
the results obtained with hypophysectomized 
male rats; in these animals FSH caused dif- 
ferentiation of testicular tubules, with forma- 
tion of spermatozoa(3). It may be seen in 
Table II that a total dose of 12.5 mg induced 
some increase in the weight of the testes with 
no signs of stimulation apparent on micro- 
scopic examination. It was thought that other 
strains of male mice might manifest more 
sensitivity but results from experiments using 
Ce, C3H, dba, and Webster strains at a total 
dose level of 1.25 mg of FSH gave no indica- 
tion of testicular stimulation. 

Summary. The responsiveness of mice to 


 jrado. 
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injections of a highly purified FSH prepara- 
tion has been investigated. At a total dose 
level of 12.5 mg no microscopic changes in the 
testes of male mice were observed, although 
some weight increment was evident. In fe- 
male mice the uterus showed greater sensitiv- 
ity to hormone injections than did the ovaries. 
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Encephalitis in Midwest IX. Neutralizing Antibodies in Wild Birds of 


Midwestern States. 


(19427) 


CLARENCE A. SooTerR, Beatrice F. Howitt, AND RACHAEL GorRRIE. 


From the Communicable Disease Center, Public Health Service, Atlanta, Ga. 


In the virus diseases termed the arthropod- 
borne encephalitides, considerable work points 
definitely toward birds as biological reservoirs 
of these viruses, including St. Louis encepha- 
litis, Japanese B encephalitis, and Eastern and 
Western equine encephalomyelitis. |The 
literature describes the possible part birds 
may play as reservoirs and their possible role 
in the infection of man with one of these 
viruses(1-7). The present paper deals with 
wild birds and results of blood serum surveys 
in Colorado, Kansas, and Missouri in 1949, 
in which several species of birds have been 
sampled and tested for past infections of the 
St. Louis (St. L.) and Western equine en- 
cephalomyelitis (WEE) viruses. These col- 
lections were a part of an extensive search for 
natural reservoirs of these organisms. 

Methods. Surveys were made in Kansas 
and Missouri in 1949 from late spring through 
the fall. Samples were collected in Colorado 
during the third week of November 1949. 
‘Species sampled and results of tests are given 
in Table I and Table II. The majority of the 
waterfowl blood samples was obtained through 
cooperation of the U. S. Fish and Wildlife 
Service personnel during banding operations 
at Swan Lake and Squaw Creek National 
Wildlife Refuges in Missouri. These blood 
samples were taken from the wing veins. 
Other bloods were taken from birds collected 
during special surveys in southeastern and 
~western Kansas and in Weld County, Colo- 
During the Colorado survey, turkey 


and chicken sera were also collected for test- 
ing. The turkeys sampled were mature- 
sized birds reared from poults that year and 
were bled at a Greeley, Colo., processing plant 
just prior to slaughter. The chickens were 
full grown and of various ages. Blood was 
sampled just prior to slaughter at a Greeley 
processing plant. Both the chickens and 
turkeys were from flocks in Weld County and 
surrounding counties. The sera were tested 
for neutralizing antibodies against St. L. and 
WEE viruses according to a modification of 
the methods given in the U. S. Army Labora- 
tory Manual(8). All sera were inactivated 
at 56°C for 30 minutes. The serum virus 
mixtures were prepared in the late afternoon 
and held overnight in the refrigerator before 
they were used to inoculate mice intracere- 
brally. Neutralization indices of 50 or more 
were regarded as positive and those between 
32 and 50 as equivocal. 

Results. It will be noted in Table I that 
incidence of past infections was relatively low 
in the specimens collected in Kansas and 
Missouri, with 13 of 112 or 11.6 per cent 
showing evidence of having had Western 
equine encephalomyelitis, and no incidence 
of St. Louis virus-in 68 specimens. It was 
interesting and deemed noteworthy that all 
of the positives in Table I were in migratory 
birds. Also few human or equine encephalo- 
myelitis cases were reported during 1946 
through 1949 in these states or in other 
localities where these birds might have been 
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TABLE I, Results of Neutralization Tests on Bird Sera Collected in Kansas and Missouri, 1949. 


Tested Pos. Tested Pos. 
WEE WEE St.L. St.L. 
Pied-billed grebe Podilymbus p. podiceps ik 1 — — 
Canada goose Branta canadensis 27 0* 25 0 
Mallard duck Anas p. platyrhynchos 22 3t 14 0 
Swainson’s hawk Buteo swainsoni 4 2 a 0 
Sparrow hawk Falco sparverius 1 0 _ -- 
Eastern bob-white Colinus v. virginianus 3 0 mae a 
American coot Fulica a, americana 5 2 — — 
Golden plover Pluvialis d. dominica 2 0 2 0 
Mourning dove Zenaidura macroura 10 0 4 0 
Red-headed woodpecker Melanerpes erythrocephalus 1 0 — — 
Eastern kingbird Tyrannus tyrannus 2 2 — — 
Chiff swallow Petrochelidon a. albifrons a 0 _ — 
Hastern crow Corvus brachyrhynchos 13 0 11 0 
Eastern robin Turdus m. migratorius 1 0 i 0 
Meadowlark Sturnella neglecta 3 0 1 0 
Red-winged blackbird A gelaius phoeniceus 3 0 3 0 
Rusty blackbird Buphagus carolinus 2 i 2 0 
Brewer’s blackbird Luphagus cyanocephalus 3 2 ik 0 
Bronzed grackle Quiscalus versicolor quiscula i 0 i 0 
Eastern cowbird Molothrus a. ater 2 0 _ _ 
English sparrow Passer d. domesticus 5 0 2 0 
Total 112 13 68 0 
(11.6%) 
* 1 was equivocal. + 2 others equivoeal. 
TABLE II. 
A. Results of neutralization tests on bird sera collected in Colorado, 1949 
Tested Pos. Tested Pos. 
WEE WEE St.L. St.L 
Green-winged teal Anas carolinense 1 0 = ast 
Pheasant Phasianus colchicus torquatus dl. 1 — — 
Pigeon Columba 1. livia 3 2 2 0 
Desert horned lark Otocoris alpestris leucolaema a 0 == 23 
Magpie Pica p. hudsonia HAL 4* 1 0 
Meadowlark Sturnella neglecta 3 0 2 0 
Red-winged blackbird Agelaius phoeniceus 3 0 1 0 
English sparrow Passer d. domesticus a Ot = = 
House finch Carpodacus mexicanus frontalis 1 0 — — 
Total 28 7(25%) 6 0 
B. Results of neutralization tests on domestic fowl sera collected in Colorado, 1949 
Tested Pos. % Tested Pos. % 
WEE WEE positive St.L. St.L, positive 
Turkey 38 11 29 41 0 0 
Chicken 23 7 30.4 21 0 0 


*2 others equivocal. 


at some time during their migrations, winter- 
ing, or nesting activities. In contrast, all 
of the positive serum samples collected in 
Colorado (Table II) were from resident 
species of the area being investigated. This 
was significant in that a small epidemic of 
WEE had occurred just previously in people 
and horses in this part of Colorado. This 
pointed toward local sources of virus in- 


+1 was equivocal. 


fection in nature and was supported by field 
work in this investigational area the following 
summer (1950). During that season, nes- 
tling bird bloods containing WEE virus were 
collected on 3 different occasions(12). 

The presence of WEE neutralizing anti- 
bodies in 29% of the turkeys and 30.4% 
of the chickens (Table II B) also indicated 
local sources of virus. 


Discussion, The above results support past 
‘references that birds are involved in WEE 
outbreaks. The exact role they play is not 
as yet known. The host range of these en- 
cephalitis viruses among bird species in nature 
is known only partially and future surveys and 
‘investigations will undoubtedly continue to 
add to present lists. In the Missouri-Kansas 
investigational area we know that 7 species 
(Table 1) may be involved. These represent 
only a small percentage of the several hundred 
species of birds that frequent this region at 
some time during the year. In Colorado four 
of the approximately 365 species and sub- 
species frequenting this area have been found 
with positive neutralizing antibodies for WEE 
or with a viremia for WEE (Table II) (12, 
16). 

Surveys of this type are deemed important 
in that they reveal evidences of past inap- 
parent infections and presence of virus in 
nature when few or no human or horse cases 
occur. Often bird infections go undetected 
because evidence of St. L. and WEE infection 
in domestic and wild birds is usually char- 
acterized by a lack of any apparent clinical 
evidence of infection(13). Conversely, East- 
ern equine encephalomyelitis is known at 
times to be fatal to a high percentage of some 
of our common birds(7-11). Results from 
these serum surveys are also of value for 
correlation with findings of blood sucking 
parasites of birds being infected with WEE 
and St. L. viremia(7,14,15). 

Comment. This information is given to 
emphasize the possible importance of birds 
_ in outbreaks of the above-mentioned arthro- 
~pod-borne encephalitides, as well as to help 
prevent possible misinterpretation of findings 
relative to various bird species. 

Summary. Serum surveys for St. Louis and 
WEE neutralizing antibodies in migratory and 
resident wild birds in midwestern states dur- 
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ing 1949 showed 11.6% of birds with positive 
WEE neutralizing antibodies in Kansas and 
Missouri area where little or no encaphalitis 
occurred. This is compared with a survey in 
Colorado during 1949 following a small WEE 
epidemic when the sera of 25% of resident 
wild birds showed positive WEE neutralizing 
antibodies, 
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Effect of Antibiotics on Development of Resistance to Hemolytic Strepto- 


coccus Infection.* 


(19428) 


R. S. SPECK AND E. JAWETZ. 


From the Division of Microbiology, University of California School of Medicine, San Francisco. 


It is current medical practice to administer 
early, intensive chemotherapy in all respira- 
tory infections ascribed to hemolytic strepto- 
cocci in part at least to prevent the possible 
development of the hypersensitive state. The 
question arises whether such treatment might 
also affect the development of resistance to 
bacterial infection and thus alter the natural 
history of streptococcal disease. A laboratory 
model has been employed to investigate this 
point. 

A recent report from this laboratory(1) 
described a subacute infection in mice induced 
by the inoculation of beta hemolytic strepto- 
cocci into the thigh muscle(2). This infec- 
tion was characterized by the development of 
a progressive, hard swelling at the site of in- 
fection for 4 or 5 days, then dissemination of 
bacteria throughout the body, toxemia, and 
death between the 5th and 8th day after in- 
oculation. The mortality in untreated groups 
was about 95% with death occurring in all 
animals which had developed a local lesion. 
Treatment with antibiotics reduced the death 
rate in proportion to the effective dose of the 
drug. Surviving mice usually developed some 
induration of the thigh early in the treatment 
period. In some animals this local lesion re- 
gressed during therapy, in others it persisted 
and several weeks later streptococci could be 
cultured from the muscle lesion. When such 
survivors were challenged with an otherwise 
lethal intraperitoneal infection with homo- 
logous organisms they survived in significant 
numbers. The present report describes an ex- 
periment which was undertaken to evaluate 
this phenomenon. 

Experimental. White Swiss mice from a 
heterologous stock weighing from 20 to 25 g 
were used. The infection was produced by 


* Supported in part by a grant from the Committee 
on Research of the University of California School 
of Medicine. 


the beta hemolytic, group A, type 3 strepto- 
coccus strain C203 used in previous work. 
(1,2). The bacteria were grown in 5% sheep 
blood broth; virulence was maintained by 
weekly passage through mice. The LD50 for 
intraperitoneal infection was 0.2 ml of a 10 
dilution of an 18-hour culture containing 
about 60-100 organisms or chains. Commer- 
cial crystalline potassium penicillin G was 
dissolved in sterile 0.85% sodium chloride 
solution to make a stock solution of 100,000 
units/ml which was stored at 4°C during the 
treatment period. Aureomycin hydrochloride 
(Lot 7-6116), supplied by Dr. S. S. Hardy, 
Lederle Laboratories, was dissolved in 0.85% 
sodium chloride solution and sterilized by 
Seitz filtration to make a stock solution of 
2.5 mg/ml which was quick-frozen and stored! 
at —20°C. Suitable saline dilutions for in- 
jection were prepared daily from the stock 
solutions. Mice were infected by injecting 
0.1 ml of a 10~*-dilution in broth of an 18-hour 
culture of the streptococcus into the left thigh. 
Treatment with antibiotics was started 24 
hours after infection and continued at 24-hour 
intervals for 5 doses. The dose of antibiotic 
was administered intraperitoneally in a vol- 
ume of 0.2 ml. Four groups of 100 mice each 
received respectively a total of 150 and 1500 
pg of penicillin and 250 and 2500 yg of aureo- 
mycin. A control group of 20 mice was left 
untreated. All animals were observed for 16: 
days after infection or 11 days after the last 
treatment, and deaths were recorded. In the 
survivors the persistence at the site of infec- 
tion of an indurated lesion was noted and’ 
those demonstrating it were marked with a 
dye. All the survivors were then challenged 
with an intraperitoneal inoculation of 0.2 ml 
of a 10+ dilution in broth of an 18-hour cul- 
ture of the homologous streptococcus’ strain. 
This dose contained about 100 LD50’s and 
was known from previous experience to give 
a mortality of 95-100%. Following this chal- 
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TABLE I. Persistence of Streptococci Related to Resistance to Subsequent Homologous 
Challenge Infection.* 


Survivors challenged with acute 
intraper. infection 


age Ss 
Survivors Survivors 
Treatment Infected Survivors with lesions Infected Survivors with lesions 

over 5 days No. No. No. Jo No. No. Jo No. 

Penicillin, 100 67 32 47.8 6 30 44.8 21 
total 150 ug 

Aureomycin, 100 80 13 16.2 80 16 20 aut 
total 250 ug 

Penicillin, 100 78 7 9 78 14 179 6 
total 1500 ug 

Aureomycin, 100 96 6 6.3 96 4 4.2 3 
total 2500 ug 


‘Control for in- 


itial infection 


Control for chal- 
lenge infection 


* Mice were infected intramuscularly with beta hemolytic streptococcus strain C203 and 
treated with the specified antibiotic 5 days; 16 days after the first infection survivors were 
challenged with an intraperitoneal inoculation of the homologous strain. 


lenge infection the mice were observed for 7 
days and deaths were recorded. Survivors 
were rechallenged twice in the same manner 
at intervals of 7 days. Groups of 20 normal 
mice were included as controls with each 
challenge infection. Statistical significance of 
the results was calculated by the 77 method. 
Results. The relationship of antibiotic 
treatment resulting in survival of the initial 
subacute infection to the subsequent resistance 
to homologous reinfection is summarized in 
Table I. The drug schedules are arranged in 
order of the increasing curative effect on the 
initial infection: penicillin 150 »g < aureo- 
mycin 250 wg = penicillin 1500 »g < aureo- 
mycin 2500 wg. The differences in survival 


_ Yates are significant (p <0.01) between the 
least effective dose, the intermediate doses, 


and the most effective dose. Of the 67% of 
animals surviving with 150 yg of penicillin 
about half showed persisting lesions, whereas 
of the 96% alive after treatment with 2500 
pg of aureomycin only 6% had such evidence 
of persisting local infection. All untreated 
animals died. 

The challenge infection was administered 
intraperitoneally 16 days after the initial in- 
fection. All normal control mice died. In 
the animals infected with the streptococcus for 
the second time survival of the challenge ap- 


peared to be inversely related to the efficacy 
of a given drug schedule in eradicating the 
organisms from the animal. Thus in the 
aureomycin. treated group in which 96% had 
survived and only 6% developed local lesions 
with the initial infection, all but 4% proved 
to be completely susceptible to the homologous 
reinfection. It is significant that 3 of the 4 
survivors were among the 6 animals which had 
local lesions (p = 0.01). Conversely resist- 
ance to the. challenge was considerable 
(44.89%) in the group where treatment with a 
small dose of penicillin had saved only 67% 
of the animals permitting the development of 
gross local lesions in half of them. In the 
intermediate groups also the survival from the 
challenge appeared to be roughly proportional 
to the development of local lesions during the 
initial infection. 

The survival rates of animals subjected 
repeatedly to homologous challenge are shown 
in Table II. The first reinfection apparently 
weeded out the susceptible animals so that the 
resistance offered to the subsequent reinfec- 
tions by the surviving groups appears more 
solid. 

One group of 20 normal mice was given the 
challenge intraperitoneal infection followed in 
3 hours by treatment with 120 yg of penicillin 
intraperitoneally in 0.2 ml of saline solution. 
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TABLE IT. Increasing Resistance to Homologous Challenge as a Result of Repeated Infection. 


Fist challenge*—_, 


-—Second challenge——, ,——Third challenge—, 


Infected Survivors Infected Survivors Infected Survivors 
Mice No. No. % No. No. % No. No. Ie 
Survivors of pre- 321 64 929 64 44 68.8 44 37 84.1 
vious infection 
Control 25 0 0 es zt 
ss 20 0 .0 — — —_ 
2g 20 0 0 


* See Table I. 


Seven days later the challenge infection was 
repeated on the 15 mice which survived the 
first infection. All of these mice died of the 
reinfection within the same time interval in 
which the groups of 20 normal control mice 
died when infected in the same manner. This 
confirms previous experience that mice given 
an acute intraperitoneal infection and treated 
with antibiotics within a few hours of this in- 
fection did not acquire resistance to reinfec- 
tion. 

Discussion, The experiment demonstrates 
that the less effective the treatment of the 
initial subacute streptococcal infection is, 
provided it permits significant numbers of 
survivors, the greater is the resistance of such 
survivors to subsequent homologous challenge. 
Correlated with this increased ability to with- 
stand challenge is the presence of a chronic 
lesion at the site of injection from which 
streptococci can be regularly cultured. The 
significance of this persisting lesion is further 
demonstrated by the fact that among 321 ani- 
mals challenged 58 or 18% had local lesions, 
whereas in the 64 survivors of the challenge 
such lesions occurred in 41 or 64% (p 
<0.01). Thus it appears that antibiotic 
treatment which rapidly and completely elim- 
inated the infecting microorganism interfered 
significantly with the development of homo- 
logous immunity. 

It is of interest in this connection to note 
that the rapid and complete elimination of 
hemolytic streptococci from the respiratory 


tract of man significantly interferes with the 
production of antibodies(3-5). If the inten- 
sive administration of chemotherapeutic 
agents in streptococcal infections of man 
should likewise effectively prevent the de- 
velopment of antibacterial immunity as well 
as the hypersensitivity, the natural history 
and epidemiology of streptococcal disease 
might be significantly altered in the future(6). 


Summary. A subacute infection of mice 
with hemolytic streptococci was treated with 
antibiotics in such a way as to interfere to a 
varying degree with the persistence of the 
bacteria in the tissue. Striking differences 
were noted in the subsequent susceptibility of 
survivors to a homologous challenge. The 
acquired resistance of the animals was in- 
versely proportional to the efficacy of the 
treatment regimen in rapidly eliminating the 
infecting microorganisms in the initial in- 
fection. 
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Renal Excretion of Lanatoside C. in the Rat.* (19429) 


RENE BINgE, JR., SHIRLEY ST. GEORGE, AND MEvER FRIEDMAN. 


From Mount Zion Hospital, Harold Brunn Institute for Cardiovascular Research, 
San Francisco, Calif. 


Previous studies(1,2) have been performed 
to determine, by means of the embryonic duck 
heart method, the urinary excretion of digi- 
toxin in the rat. It was felt desirable to de- 
termine in a similar fashion, the excretion of 


Lanatoside C. in the urine of the rat in order 


that the rate of excretion of both drugs might 


-be compared in this species. 


Methods. Various known amounts of Lana- 


- toside C. (10, 20, 30, 40, and 60 pg) were 


added to 24-hour urine collections of rats. 
The entire sample was evaporated to approxi- 
mately 2 ml, adsorbed on 5 g of diatomaceous 
earth and dried at 70°C in vacuo for 12 hours. 
The glycoside was eluted with 50 ml re-dis- 
tilled dioxan for 2 minutes in a Waring 
Blender, filtered and evaporated to dryness, 
then taken up in 50 ml of Tyrode’s solution 
by shaking for 1 hour. The embryonic duck 
hearts were then exposed to this datter solu- 


‘tion and the time of “digitalis effect’’(1) 
observed. A quantitative differentiation could - 


be made between these various urine samples 
containing different amounts of added Lana- 
toside 'C. As little as 10 wg in a 24-hour urine 
sample could be detected. After these stand- 
ards had been prepared, 28 male rats (Long- 
Evans strain) whose average weight was 209 
g, were given 1 pg Lanatoside C. per g of 
body weight by intravenous injection. Their 
urine then was collected for 24 hours by 


‘placing them in plastic cages(3) specially 
designed for collection of urine. 


The. urine 


_ *This work was aided by grants from The Life 
Insurance Medical Research Fund, and The U. S. 
Public Health Service: 


samples of 11 of these rats were also col- 
lected on the second day following injection. 
All urine samples were extracted and tested 
on the duck hearts as described above. 


Results. Twenty-eight rats after the aver- 
age injection of 209 ng of Lanatoside C. ex- 
creted an average of 35 wg (Range: 10-60 
pg) of Lanatoside C. or 17% of the injected 
amount, in the first 24-hour urine. No Lana- 
toside C. (i.e. less than 5 pg) however, was 
detected in urine samples collected during the 
second 24-hour period after injection of the 
drug. 

Discussion. The present results indicate 
that the rat excretes almost 6 times as much 
Lanatoside C. as digitoxin(2) in his urine dur- 
ing the first 24 hours after injection of the 
glycoside. The marked difference in the 
excretion of the two drugs might have been 
expected in view of the previously discovered 
differences in the behavior of the two drugs 
in the blood of this animal. Thus, although 
digitoxin is strongly bound to plasma albumin, 
Lanatoside C. is not(4,5), perhaps explain- 
ing why the latter disappears so rapidly from 
the blood(6) and appears in greater quantity 
in the urine. 

Despite this comparatively large renal ex- 
cretion of Lanatoside C., the actual fraction 
disposed of in this way is only about 17% 
of the administered dose. The greater part of 
the dose then is excreted or destroyed in some 
other manner than by simple renal excretion 
of unchanged Lanatoside C. 

Conclusions. A method for the quantitative 
determination of minute amounts of Lanato- 


TABLET. The Renal Excretion of Lanatoside C. 


Avg amt Lanato-: Urine (0-24 hr)————, Urine (24-48 hr) ———, 
No. of side C. inj., ug Lanato- J No. of Lanato- % 
rats (lug/g body wt) Vol,ml sideC.,yg exereted rats Vol,ml_ sideC.,ug excreted 
28 209 12 35 17 1l 12 NDS — 
Range: (137-265) (5-17) (10-60) (5-29) — — 
S.E. mean: + 2.7 +12 — — — — 


= None detected. 
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side C. in rat urine is described. The renal 
excretion of Lanatoside C. in the rat is con- 
siderably greater than that of digitoxin. 


The authors wish to express their thanks to Tadashi 
Ishida for his valuable technical assistance. 
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Complement-Fixation Studies with Poliomyelitis in Humans.* (19430) 


Morris POLLARD. 


From the Department of Preventive Medicine and Public Health, University of Texas 
Medical School, Galveston. 


Specific complement-fixing (CF) antigens 
have been processed from cotton rat tissues 
infected with Lansing poliomyelitis virus 
(1-3). The CF antigens prepared by Casals 
and Olitsky(4,5) from MEF, infected tissues 
of new-born mice have appeared to cross 
somewhat with serum from Brunhilde-immune 
monkeys. More recently (6), specific CF anti- 
gens have been processed from nerve tissues 
of rhesus monkeys infected with Brunhilde 
and with Leon prototype poliomyelitis viruses. 
The latter antigens have been tested thus far 
only with serums from monkeys immunized 
with virus and the adjuvant recommended by 
Salk(7). The chronological antibody re- 
sponse of Lansing-immunized cotton rats ap- 
peared to follow a pattern in which the CF 
test was transitory, whereas the neutralizing 
property of their serum was of longer dura- 
tion(1,2). The exact duration of the latter 
effect is uncertain but is thought to last for 
years. Some evidence has indicated that im- 
munized monkeys may demonstrate a similar 
chronological antibody pattern. 


When human cases of poliomyelitis recover 
from the infection, specific neutralizing anti- 
bodies rapidly appear in the blood(8,9). 
There has been suggestive evidence that such 
infection may elicit a non-specific rise of 


* Aided by a grant from the National Founda- 
tion for Infantile Paralysis. 


Lansing neutralizing antibody, even though 
the infection was of non-Lansing type(9). 
Lansing CF antibody has been demonstrated 
in human serums, but their specificity and 
clinical interpretation have not been studied 
extensively(1,5). The possibility of a non- 
specific rise in Lansing CF antibody during 
the course of infection with non-Lansing virus 
has not been studied. It is the purpose of 
this paper to describe the Lansing CF anti- 
body response elicited in the human follow- 
ing infection with poliomyelitis virus. 
Methods. Antigen. CF antigens were 
processed from Lansing poliomyelitis-infected 
nerve tissues of mature cotton rats (LCR) by 
two technics: One by precipitation of clarified. 
nerve tissue suspensions with methanol and 
use of the final eluate as antigen(2); and 
secondly, by sedimentation of the virus in the 
ultracentrifuge and use of the resuspended 
sediment as antigen(3). The antigens were 
tested for specificity with antiserums prepared 
against Brunhilde and against Leon poliomye- 
litis, as well as against rabies and St. Louis 
encephalitis viruses. The LCR CF antigens 
processed by the ultracentrifugation technic 
appeared to be superior to those prepared by 
methanol precipitation because of the con- 
stancy of results and because such antigens 
were sufficiently sensitive to detect CF anti- 
bodies in immunized monkeys. Serum. Serum 
specimens were collected aseptically from 131 
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Weeks after Onset of Immunization 
FIG. 1. Complement-fixing antibody response of Lansing + adjuvant immunized rhesus 
monkeys to Lansing antigen. 


paralytic poliomyelitis cases in humans: 
Eighty-five were collected 2 weeks after onset 


of illness; and 46, at onset and at weekly 


intervals thereafter, when possible. Serum 
specimens were collected at weekly intervals 
for 6 months from rhesus monkeys which 
were immunized by 3 weekly I.M. injections 
of Lansing virus plus adjuvant? emulsion. 
All serums were stored in screw-top vials at 
—20°C. When prepared for CF test they were 
diluted 1 in 5 with 0.15 M NaCl solution and 
heated at 61°C for 20 minutes. Complement- 
fixation test. Antigen, antiserum (1:5) and 
complement (2 units) were mixed in 0.2 cc 
quantities each and incubated in the refrigera- 
tor overnight. Hemolysin (2 units) and 2% 
washed sheep red blood cells (0.2 cc each) 
were added to each tube and incubation con- 
tinued for 30 minutes at 37°C, after which the 
reactions were recorded. The reactions were 
generally clear cut and 1+ or 24+ reactions 
were seldom encountered. Reactions read 
as 3+ and 4+ were recorded as positive. 
Serum dilutions were mixed with constant 
dilutions of antigen and 2 units of comple- 
ment in order to determine their end-point 
titers. Each CF test was repeated at least 
twice. Neutralization test. Undiluted serum 
was added to an equal amount of Lansing 
virus which was so diluted that each inoculum 


t+ We are indebted to Drs. Herbert Spencer and 
Eva Maria Pfeiffer, Southwestern Poliomyelitis Res- 
piratory Center, Houston, Texas, for generous assis- 
tance in collection of serum specimens, and for hav- 
ing supplied us with the clinical diagnosis of each 
case. Serum specimens were also kindly supplied by 
Dr. A. G. Bower, Los Angeles General Hospital, 
Los Angeles, Calif. 

+ “Pendil” manufactured by Endo Products, Rich- 
mond Hill, N. Y. 


contained approximately 100 LDs 9 of virus. 
After incubation of the serum-virus mixtures 
overnight in the refrigerator, eight mature 
Swiss mice were inoculated intracerebrally 
with 0.03 cc of the mixture. After 21 days 
of observation, if 6 or more mice survived, 


the test was positive; if 3 to 6 survived, the 
test was equivocal; if less than 3 survived, 
the test was negative. 

Results. When monkeys were inoculated 
with Lansing virus in adjuvant their CF anti- 
body response was transitory but followed a 
similar curve pattern (Fig. 1). One showed 
a rapid rise and decline, one a delayed rise and 
quick decline, and a third one a rapid rise 
and slow decline. The latter monkey was 
positive for 6 months and was negative there- 
after. Each of 3 monkeys similarly immu- 
nized against Brunhilde and 3 against Leon 
viruses were negative for Lansing CF anti- 
bodies during the 6 months examination 
period. 

Eighty-five of the specimens of human 
serum were collected at approximately two 
weeks after onset of poliomyelitis symptoms. 
They were tested both for MEF, neutraliz- 
ing and for CF antibodies, the latter with 
methanol precipitated MEF, antigen. Fig. 2 
indicates that 38 of these were positive and 
47 negative for neutralizing effect on MEF, 
poliomyelitis virus. None of these negative 
serums contained CF antibodies for the same 
virus, while 11 of the former were positive 
in the 1:5 dilution of serum examined. 

Forty-six specimens of serum were col- 
lected from paralytic poliomyelitis cases im- 
mediately after admission to the hospital and 
at weekly intervals thereafter, when possible. 
They were examined for CF antibodies with 
LCR CF antigen processed by ultracentrifuga- 
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2. Serologic studies on 85 poliomyelitis cases with MEF, virus. 


Serum collected two 


weeks after onset of illness. 
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. Complement-fixing antibody response of paralytic poliomyelitis cases to Lansing 


antigen. 


tion. Ten were positive and 6 of these are 
outlined in Fig. 3. The CF antibody titer 
appeared to reach its peak within the first 4 
weeks of illness and declined thereafter. One 
case was positive during the first week, 3 
during the second and third week, and one 
during the fourth week. The latter case 
could not be tested earlier. The CF reactions 
remained positive from 6 weeks to 344 months 
after onset. The latter case was not tested 
between the 334-month period and 6 months, 
but became negative for Lansing CF antibody 
some time between these two periods. The 
remaining 36 cases in this group of paralytic 
poliomyelitis were negative for LCR CF anti- 
bodies during the acute and convalescent 
stages of infection. 

Discussion. It is apparent from the results 
described above that the LCR CF responses of 
Lansing-immunized monkeys and of naturally 
infected humans are of transitory nature. One 
might attribute the protracted curve of Mon- 
key II (Fig. 1) to the effect of adjuvant mix- 
ture with the virus inoculum, but the CF 
curves of human case “Tromblee” (Fig. 3) 
appears. to be protracted without such adju- 
vant being involved. Then, too, monkeys I 
and III exhibited shorter curves and their 


inocula and bleeding schédules were the same 
as for monkey II. We may thus be justified 
in saying that with the antigens used, the CF 
responses ranged from brief rises of 3-4 weeks 
duration to prolonged rises of 3-4 months. 
This strengthens the opinion previously sug- 
gested(2,3) that a positive LCR CF test might 
indicate current or recent Lansing infection, 
and that a negative CF test indicates either 
a remote exposure to the virus or none. The 
latter problem may then be unraveled by a 
virus neutralization test with the serum, a 
procedure which has become more feasible 
through application of the tissue culture tech- 
nics of Enders et a/.(10). It should be empha- 
sized that the CF titer curves of Fig. 3 
represent test points, joined at intervals of 
several weeks because the intervening speci- 
mens were unavailable. While the positive 
CF reactions would not be longer than demon- 
strated certainly they could be shorter, par- 
ticularly in those cases designated as “Mac” 
and “Tromblee.”” If Fig. 3 accurately depicts 
the rise of LCR CF antibody in the human, 
then a specimen of serum collected 4 weeks 
after onset of illness should be the optimal 
period for the CF test. If a non-Lansing in- 
fection engenders a non-specific Lansing anti- 


( body response, this was not apparent in the 


36 cases which were LCR CF negative during 
the entire period of examination. We must 


not insist that the LCR CF reactions here 
‘demonstrated in human serums mean that 


Lansing virus caused the paralytic syndrome. 
Since the CF antigens were prototype specific, 
the antibody which it demonstrated was un- 
doubtedly Lansing induced. Therefore, these 
human cases were either Lansing infections 
or dual infections with a non-Lansing virus. 

In the 85 human cases tested (Fig. 1) a 


_CF antibody pattern was not determined, but 


one may note a correlation between CF and 
neutralizing antibody. The former was posi- 


‘tive only among those serums having the 


latter antibody. Serums, negative for MEF, 
virus neutralizing effects, did not contain CF 
antibodies. The neutralizing antibody re- 
sponse of infected humans was rapid(9). In 
immunized cotton rats, both neutralizing and 
CF antibodies appeared almost simultaneously 
(2). If we indulge in an extrapolation of the 
latter data, a positive CF and negative neu- 
tralization test might be an unexpected find- 
ing in human serum. 


It is not felt that the CF technic described 
above would be of great value in determining 
the past history of infection in a population 
survey; however, one might speculate as to 
its use in evaluating either prophylactic or 
therapeutic trials of vaccines or drugs, in 
identifying Lansing strains of virus, and possi- 
bly in establishing a clinical diagnosis of 
human Lansing infection. Further studies 
should delineate more accurately the CF pat- 
tern of response to infection. The CF anti- 
gens used above were prototype specific, and 
for such a test to be of added value to the 
investigator the Brunhilde and Leon proto- 
type CF antigens must be developed further. 
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Thus far, they are difficult to prepare routine- 
ly, probably due to the low titer of virus in 
the infected tissue from which such CF anti- 
gens have been processed. 


Summary. The Lansing complement-fixing 
(CF) antibody response to immunization in 
monkeys and to infection in humans appears 
to be transitory. One hundred thirty-one 
paralytic poliomyelitis cases in humans were 
examined for CF antibody to Lansing virus. 
In the serums of 85 cases, collected 2 weeks 
after onset of clinical disease, 11 had both 
neutralizing and CF antibodies. CF antibody 
was not found in any of 47 cases which were 
negative for neutralizing antibody. In a 
series of serum specimens collected from 46 
other cases, CF antibody appeared in 10. The 
CF antibody rose quickly and remained ele- 
vated for from 6 weeks to 3 months. A 
positive CF test may indicate recent infec- 
tion; a negative, either no exposure or infec- 
tion at a period remote in the past. 
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Effects of Fluoride on Developing Bones in Tissue Culture. 


(19431) 


Grorce H. Parr AND M. JouHNn Boyp. 
From the Departments of Anatomy and Biochemistry, Hahnemann Medical College, Philadelphia, Pa. 


Among the significant contributions to the 
study of calcification in osteogenesis are two 
observations by Gutman and his colleagues 
(1,2): first, calcifying cartilage contains a 
phosphorylative glycogenolytic enzyme system 
which is capable of synthesizing potential sub- 
strates for bone phosphatase; second, if the 
synthesis of substrates is interfered with by 
sodium fluoride, calcification can be complete- 
ly inhibited. 

The first observation was based on a study 
of digests of minced epiphyseal cartilage; the 
second on a study of slices of epiphyseal 
cartilage incubated for a brief time in solu- 
tions of known chemical composition. Since 
the technics employed do not permit of tissue 
survival, the present work was undertaken to 
determine if NaF can inhibit the calcification 
process in growing bones without influencing 
the growth of tissue. An affirmative answer 
could be offered as additional evidence to dis- 
prove the current concept that glucose-1-phos- 
phate is a substrate for bone phosphatase(3). 

Methods. Metatarsals and fibulas from 9- 
to 10-day-old chick embryos were chosen for 
study because they can be grown in vitro 
with ease and because chemical analysis of 
embryos in this age range yield glycogen and 
the intermediate products of its phosphoryla- 
tion(4). Pairs of corresponding bones were 
isolated and grown for 4 to 5 days upon the 
surface of clotted media consisting basically 
of equal parts of blood plasma and embryonic 
extract. One member of each pair of bones 
Was grown on media containing NaF, the 
other member was grown on media free of 
NaF as a control. Before placing the iso- 
lated bones on the clotted media they were 
washed in embryonic extract which, in the 
case of those to be grown on fluoride, con- 
tained NaF at a concentration equal to twice 
that of the clotted media. Twelve pairs of 
bones were studied at each of the following 
concentrations of NaF: 1-20,000, 1-10,000, 1- 
5000, 1-1000, 1-500 and 1-200 M. Meta- 


tarsals were used for the 1-20,000 and 1- 
10,000 M experiments. For all others we used 
fibulas. Because of the possibility of undesir- 
able osmotic effects the medium for the con- 
trols contained sufficient NaCl to compensate 
for the amount of NaF added to the medium 
for the experimental bones. The increase in 
length of the bones was determined from 
measurements of the overall lengths recorded 
at the start and at the end of the observation 
period. The amount of calcification was de- 
termined by measuring the length of the zones 
of mineralization visualized by staining the 
bones with alizarin red S at the end of the 
experiment(5). The amount of connective 
tissue growth was estimated by observing the 
extent of the fibroblastic halo. Finally, a 
record of the general appearance of each 
preparation was kept. 


Results. Most of the pertinent data for 72 
pairs of bones is summarized in Table I. 
Each value represents the average measure- 
ment for 12 bones. By comparing the vari- 
ous measurements of the bones grown on NaF 
with the measurements of the controls it can 
be seen that at concentrations of 1-20,000, 
1-10,000, 1-5000 and 1-1000 M the NaF did 
not exert an effect upon either the increase 
in length of the bones or upon the degree of 


TABLE I. See Text for Explanation. 


Cone. of Overall length, mm Zone of min- 

Nak Start End eralization, mm 
Sodium fluoride 

1-20000 M 4,72 6.08 1.60 

1-10000 4.29 5.75 1.60 

1- 5000 3.83 4.51 1.88 

1- 1000 3.67 4.24 1:25 

1- 500 3.48 4,12 1.00 

1- 200 3.47 3.98 87 

Controls 

1-20000 4.75 6.01 1.60 

1-10000 4;29 5.74 1.61 

1- 5000 3.85 4.49 1.40 

1- 1000 8.65 4.19 1.25 

1- 500 3.48 4.14 1.30 

1- 200 3.48 4.16 1.21 


FLuoRmeE EFFECTS ON ISOLATED BONES 


calcification, as determined by the length 
of the zone of mineralization. Only one dif- 
ference was observed betwen the fluoride 
treated bones and their controls in these 
weaker concentrations. In many of the bones 
grown on fluoride the area of calcification was 
distinctly darker and more sharply defined 
than in the controls. This difference became 
apparent as early as the second day of the 
experiment and sometimes became more pro- 
nounced as time elapsed. 

At 1-500 M NaF there was still no differ- 
ence in the growth of the fluoride treated 
bones and their controls. The treated bones 
had grown 0.64 mm in length (3.48 to 4.12 
mm) while the controls had grown 0.66 mm 
in length (3.48 to 4.14 mm). In contrast 
to this however, a marked difference in the 
degree of calcification between the fluoride 
treated and control bones appeared. Thus, 
the length of the zone of mineralization in the 
fluoride treated bones was only 1.00 mm 
while in the corresponding controls it was 1.30 
mm. 


At the highest concentration of NaF 
studied, namely 1-200 M the first indication 
of inhibition in growth was obtained. The 
fluoride treated bones grew only 0.51 mm in 
length (3.47 to 3.98 mm) while the controls 
showed a growth increase of 0.68 mm (3.48 
to 4.16 mm). Accompanying this, there was 
a marked difference between the length of the 
zone of mineralization in the fluorine treated 
(0.87 mm) and control (1.21 mm) bones. 


No obvious difference in the size of the 
fibroblastic halo was observed between the 
control and the fluoride treated bones until 
the concentration of NaF had reached 1-200 
M. At this level the fluoride had a retarding 
influence on the development of the connec- 
tive tissue halo. 


Discussion. Before analyzing the results 
it should be understood that the metatarsals 
and fibulas of 9- to 10-day-old chick embryos 
are “bones” in the cartilage miniature stage. 
The “overall” length of the “bones” given in 
Table I are really a practical indication of the 
amount of cartilage which is present at the 
beginning and at the end of the experiment. 
The calcification which occurs involves only 
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cartilage. The so-called zone of mineraliza- 
tion is the area of calcified cartilage which is 
visualized by staining with alizarin red S. In 
addition, metatarsal bones at this age are 
actually longer than are fibulas. This explains 
why the various measurements are greater at 
1-20,000 and 1-10,000 M NaF than they are 
in the higher concentrations. Metatarsals 
were used at the two weakest dilutions. 


The results themselves demonstrate that 
NaF, at a concentration which does not dis- 
turb growth, can seriously interfere with the 
calcification process. This confirms and ex- 
tends the observations of previous workers 
(1,2,6) and emphasizes the importance of 
phosphorylative glycogenolysis in relationship 
to calcification. Sodium fluoride is known to 
inhibit enolase, the enzyme immediately in- 
volved in the production of phospho-pyruvate. 
Since calcification was stopped by the fluoride, 
the conclusion seems justified that phosphory- 
lation of glycogen probably progresses to the 
phosphopyruvate stage before a suitable sub- 
strate for bone phosphatase is produced. 


These findings are not in agreement with 
the current idea that glucose-1-phosphate is a 
substrate for bone phosphatase(3). Phos- 
phorylase, the enzyme involved in the pro- 
duction of glucose-1-phosphate is not inhibited 
by NaF. In this connection we tried, without 
success, to interfere with calcification by using 
phloridzin and phloretin (known inhibitors of 
phosphorylase). Both compounds are prac- 
tically insoluble in our media and are too toxic 
to permit of study in concentrations which 
could be expected to inhibit phosphorylase 
while not killing the bones. 

Another possible factor in the stoppage of 
calcification by NaF must be considered. 
Since the fluoride might compete with the 
phosphate for calcium, perhaps fluoride acts 
by binding calcium. Thus, even concentra- 
tions of NaF which have no apparent effect 
upon growth or calcification cause a reaction 
within the zone of mineralization which rend- 
ers it visibly different from the same zone in 
the controls. Finally it is probably sig- 
nificant that whereas Robison and Rosenheim 
(6) and Gutman, Warrick and Gutman(2) 
had been able to inhibit calcification in 1- 
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10,000 M NaF, we found it necessary to in- 
crease the fluoride concentration to 1-500 M. 
This 20-fold increase should be favorable to 
the binding of calcium by fluoride. The in- 
crease was necessary because the bones were 
grown on the surface of a clot. Between the 
bone and the clot, diffusion is the sole means 
of exchanging materials. 

Summary. In embryonic bones growing in 
tissue culture the process of calcification of 
cartilage can be inhibited by NaF without 
influencing growth. To achieve this effect the 
concentration of fluoride had to be 20 times 
greater than that which will produce inhibi- 
tion of calcification in test-tube experiments. 
The inhibition in the present experiments is 
probably due to at least two things: Ist, inter- 


ACCELERATING EXCRETION OF RADIO-[RON 


ference with the production of phospho-pyru- 
vate as a substrate for bone phosphatase; 2nd, 
some degree of binding of calcium by fluoride. 
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Use of a Chelating Agent for Accelerating Excretion of Radio-Iron (19432) 


Harry FoREMAN,* Rex L. Hurr, Joun M. Opa, anv JosepH GARCIA. 
(Introduced by J. H. Lawrence.) 


From the Division of Medical Physics, University of California, Berkeley. 


The ability of certain organic compounds to 
form strong non-ionic water-soluble combina- 
tions with metal ions suggests the possibility 
that these compounds might be useful for 
removing metal ions from the body. In this 
respect, Kety(1) has shown that use of citric 
acid may play a role in the removal of lead 
from bone by such a mechanism. Foreman 
and Hamilton(2) demonstrated that ethyl- 
enediamine tetra-acetic acid (EDTA) will 
chelate plutonium and yttrium im vivo and 
thereby greatly accelerate their excretion from 
the body. 

This report deals with the application of 
this principle for hastening the excretion of 
radio-iron. Interest in accelerating excretion 
of iron is stimulated by the possibility of re- 
moving the excessive quantities of iron accu- 
mulated with hemochromatosis and trans- 


* Atomic Energy Commission Post-doctorate fel- 
low, Division of Medical Sciences, National Research 
Council. Present address—University of California, 
Los Alamos Scientific Laboratory, Los Alamos, 
N. M. 


fusion hemosiderosis and for possible use as a 
tool for studying iron metabolism. “Fe-3 
Specific’t is the compound chosen- for this 
study. It has a very strong affinity for iron, 
particularly in the alkaline pH range(3). (It 
is used commonly for scavenging iron traces 
from solutions.) It was selected because it 
has, in addition, suitable characteristics for 
in VIVO Use, 1.¢., it is relatively non-toxic, forms 
serum soluble chelates, is poorly catabolized, 
and is readily excreted through the kidney. 
Methods. The effect of “‘Fe-3 Specific” on 
iron excretion was studied in a series of three 
experiments, using iron 59, 7.e., a) when iron 
59 was given intravenously and “Fe-3 Spe- 
cific administered intraperitoneally, b) when 
iron 59 was given intravenously and “Fe-3 
Specific” by mouth, and c) when both iron 59 
and “‘Fe-3 Specific” were given orally. In 
addition, the concentration of iron 59 in ery- 
throcytes was studied. Adult male Slonaker 


+ A commercial chelating agent manufactured by 
Bersworth Chemical Co., Framingham, Mass. Its 
structure is not revealed. 
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PERCENT OF INTRAVENOUS DOSE EXCRETED IN URINE 


EFFECT OF SINGLE 
OF Fe-3 SPECIFIC ON Fe°? URINARY EXCRETION 


TREATED 


INTRAPERITONEAL INJECTION 


IN RATS 
CONTROLS 


Average, Days 2 and 3 


ANIMAL NUMBER 


FIG. 


rats were used for all experiments except in 
Experiment 4, wherein Long-Evans rats were 
used. The animals were kept in metabolism 
cages allowing for collection of urine and feces 
separately. The feces samples were dry ashed 
at 650°C. The ash was dissolved in 10 cc of 
aqua regia. Two ml aliquots were withdrawn 
and counted directly using a_ scintillation 
counter which has been previously described 
(4). Urine samples were wet ashed using 
concentrated nitric acid and brought to 10 ml 
volume. Again, 2 ml aliquots were withdrawn 
for direct counting in the scintillation counter. 
Exp. I. Five control and 5 experimental ani- 
mals were each given 2.5 x 10° c/m of iron 
59, representing 5.3 yg of iron, by single intra- 
venous tail injection (FeCl; buffered with 
sodium citrate). Five minutes before the iron 
59 injection, the 5 experimental animals were 
each given 100 mg of ‘“Fe-3 Specific” in a 
single intraperitoneal injection. The first 
excreta samples were collected 24 hours later. 
The results of the urinary excretion are pre- 
sented in Fig. 1. Thereafter, collections were 
made of 2-, 3-, and 5-day periods as indicated 
in Fig. 2 and 3. On the 14th and 26th days 
following the iron 59 injection, “‘Fe-3 Specific” 


ite 


in 100 mg doses was again injected intra- 
peritoneally into each of the experimental 
animals. Excretion was studied for a total of 
90 days. Exp. IJ. A group of 6 rats was 
given a diet in which ‘‘Fe-3 Specific” was 
intimately mixed. The diet was prepared by 
mixing neutralized “Fe-3 Specific” solution 
with Purina Chow in such proportions that 
each animal received 400 mg, (i.e., 20 cc of a 
2.0% solution per animal daily). Five days 
following the initiation of the diet, the animals 
were each injected intravenously by tail vein 
with 5.3 wg of iron tagged with iron 59. The 
controls of Experiment I were used as controls 
for this experiment. Excreta collections and 
analyses were carried out during the next 16 
days. A total of 9.6 g of ‘“Fe-3 Specific” 
was fed to each animal (24 days) after which 
they were given the regular diet and were 
observed for one year. Exp. I/J. A group 
of 6 rats was fed in the same manner as in 
Experiment II. Three days after the initia- 
tion of the diet, tracer iron was added to the 
diet of the 6 animals receiving the ‘“Fe-3 
Specific” as well as to 6 others not receiving 
it. The iron intake was approximately 6.2 
mg per day, and the tracer made up less than 
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FIG. 2. Effect of single intraperitoneal injections (100 mg each) of ‘‘Fe-3 Specific’? on urinary 
excretion rate of intravenously injected radio-iron. 
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FIG, 3. Effect of single intraperitoneal injections (100 mg each) of ‘‘Fe-3 Specific’’ on the 
fecal excretion rate of intravenously injected radio-iron. 


1% of this. It is not certain that the dietary 


iron was uniformly tagged. 


The iron was 


added as an aqueous solution of ferric chloride, 


intimately mixed with the feed. 


Excreta 


collections and analyses were carried out for 
9 days following the addition of the tracer 
to the diet. Exp. /V. Five adult male Long- 
Evans rats were given a single intravenous 


. injection of iron 59 tagged ferric chloride 


solution buffered with sodium citrate. 


PERCENT OF ADMINISTERED Fe°? IN RED CELLS 


{ 


Nine 
blood samples were taken from each of the 
5 animals on the 2nd, 5th, 12th, 38th, 49th, 
66th, 74th, 80th, and 87th days after the 
iron 59 injection. The samples were col- 
lected from an incised tail vein in dried 
heparinized calibrated capillary tubes. Sample 
size was from 58 to 80 microliters. The 
capillary was sealed and centrifuged at 3000 
rpm. The packed cell volume was recorded 
and the sample analyzed for radioactivity 
in the apparatus described above. 


Results and discussion. Fig. 1, 2, and 3 
show the marked effect on the excretion of 
iron 59 as a result of single intraperitoneal 
injections of 100 mg “Fe-3 Specific’. The 
effect is manifest in urinary excretion shortly 
after the injection of iron 59 and occurred 
each time after the ‘“‘Fe-3 Specific” was ad- 
ministered. Approximately a 4-fold increase 
over the control levels was obtained. Fecal 


excretion was enhanced only by the injections 


on the 14th and 26th days and not with the 
original “Fe-3 Specific” injection. This, of 
course, indicates that the iron must undergo 
some transformation before it is susceptible 
to enhance fecal. excretion by “Fe-3 Spe- 
cific’. The results suggest that ‘‘Fe-3 Spe- 
cific’ accelerates iron 59 excretion through 
depletion of plasma iron but since equilibrium 
exists between this and tissue iron, repeated 
prolonged administration of ‘“Fe-3 Specific” 
might eventually affect tissue iron levels. Fig. 
2 and 3 show an additional gradual but more 


3 


8 


& 


S 


° 
30 60 
DAYS AFTER INTRAVENOUS ADMINISTRATION OF Fe°? 
FIG. 4. Intravenously administered radio-iron 
present in erythrocytes as a function of time. 
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(Average of 6 rats) 
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FIG. 5. Percent of a single intravenous dose of 

radio-iron in feces or urine of untreated rats and 

of rats given 400 mg ‘‘Fe-3 Specific’’ daily by 
mouth. 


sustained increase in excretion of iron 59 from 
about the 40th to 70th day after injection. 
This is thought to be related to the entrance 
into the excretory pool of a relatively large 
amount of radio-iron. Fig. 4, showing the 
marked drop in specific activity of the largest 
pool of iron 59, the circulating erythrocytes, 
is indicative of a source of the radio-iron for 
the positive excretory waves in urine and 
feces. The drop in specific activity in the 
red cell is a function of erythrocyte longevity 
and iron reutilization. The definite excretory 
maximum at 55 days affords an easy way of 
determining mean cell longevity without a 
model and without difficult if not impossible 
integration. 

Exp. II, (Fig. 5), in which the animals were 
fed 400 mg “Fe-3 Specific” daily and were 
given a single intravenous injection of iron 
59, demonstrated almost 10% of the tracer ex- 
creted in the feces and 2% in the urine in 16 
days, in contrast to 5.7% and 1.2% in the 
controls. The animals of this experiment were 
observed for one year after receiving a total 
of 9.6 g of “Fe-3 Specific”. No abnormalities 
were noted. Hematocrits remained constant 
during the period of ‘“‘Fe-3 Specific” feeding. 


TOTAL Feo IN EXCRETA, PERCENT OF DOSE 
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(Average of /2 rats) 
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(Average of /2 rats) 
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DAYS AFTER Fe°° FEEDING 
FIG. 6. Effect of oral administration of ‘‘Fe-3 
Specific’? (400 mg/day) on excretion of iron-59 
given in a single day’s diet. 


In Exp. III, in which both the “Fe-3 
Specific” and the iron 59 were administered 
in the diet, the difference in urinary excretion 
(Fig. 6) was as marked as in the 2 previous 
experiments. However, there was no great 
difference between fecal excretion of the con- 
trol and treated animals. Approximately 7% 
of the administered iron was excreted in the 
urine of the experimental animals. Most of 
this occurred during the first 3 days. The 
urinary excretion of controls during the same 
period was 1.9%. The net body retention of 
iron 59 at the end of 7 days, was 16% and 
24% in the experimental and control animals, 
respectively. If the diet (6.2 mg iron per 
day) were uniformly tagged with iron 59, then 
approximately 1 and 1.5 mg of iron was gained 
by the experimental and control animals re- 
spectively. It seems unlikely that such a great 
absorption could be occurring in adult rats. 
This would indicate that approximately 0.1 of 
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the rat’s total body iron is exchanged each 
day or that an even greater portion of a 
smaller pool is exchanged each day. 


Summary. 1. Excretion of parenterally 
administered radio-iron is approximately 5 to 
10 times as great in feces as in urine. The 
rate of excretion varies with the location of 
the tracer within the various iron pools in the 
body, (for example, cells, liver, reticulo-endo- 
thelial system, etc.). This is illustrated by high 
plasma levels of radio-iron, associated with 
high excretory rates in feces and urine. Fifty- 
five days after injection of tracer iron there is 
a second maximum in excretory rate which can 
be shown to correspond with a loss of radio- 
iron from the largest pool, the circulating 
erythrocytes. When “Fe-3 Specific’ is adminis- 
tered intraperitoneally to animals which have 
been given iron 59, there is a prompt and 
marked increase in both the urinary and fecal 
excretory rates by a factor of 2 to 2.5. 2. The 
addition of ‘“‘Fe-3 Specific” to the diet of rats 
causes an increase in the fecal and urinary ex- 
cretion of intravenously administered radio- 
iron by approximately a factor of 2. 3. When 
labelled iron and ‘“‘Fe-3 Specific” are fed simul- 
taneously, a marked increase in urinary excre- 
tion of the tracer occurs. However, the amount 
found in feces is nearly the same as in con- 
trols. Thus the decrease in net retention re- 
sulted primarily because of increased urinary 
excretion. 4. Feeding as much as 9.6 ¢ of 
““Fe-3 Specific” to animals at a rate of 400 mg 
per day, was not associated with any change 
in hematocrit nor any grossly observable ab- 
normality in the animals. 
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Further Role of Antibiotics in Aminopterin-Induced Folic Acid 


Deficiency in Rats.* 


(19433) 


Harry A. WAISMAN AND J. Cravioto-M. 


From the Department of Pediatrics, University of Illinois College of Medicine, Chicago, Ill. 


In previous experiments(1) we have shown 
that the “folic acid deficiency” produced in 
rats by the use of the folic acid antagonist 
aminopterin can be overcome by the peroral or 
intraperitoneal administration of aureomycin. 
However, the ‘“‘folic acid deficiency” produced 
in rats fed a sulfonamide drug was not cor- 
rected by aureomycin. Since preliminary ex- 
periments showed that the citrovorum factor 
concentrates were able to correct the de- 
ficiency produced on either type of diet, it 
seemed probable we were dealing with a citro- 
vorum factor deficiency rather than a folic 
acid deficiency. It was suggested that amino- 
pterin is probably more accurately a citro- 
vorum factor antagonist than a folic acid 
antagonist. 

Further experiments were done to provide 
information on the mechanism of action by 
which aureomycin corrected the citrovorum 
factor deficiency. A number of other anti- 
biotics were studied since it was of interest to 
test further the hypothesis that the beneficial 
effect of these substances is mediated through 
their influence on the intestinal flora. 

Experimental. Male rats of the Sprague- 
Dawley strain, 24 days old, were given a syn- 
thetic diet consisting of sucrose 73 parts; 
vitamin-iree casein (Labco), 18 parts; salt 
mixture,’ 4 parts; corn oil, 5 parts; thiamine, 
0.5 mg; riboflavin, 0.5 mg; niacin, 1 mg; 
calcium pantothenate, 2 mg; pyridoxine, 0.5 
mg; i-inositol, 100 mg; biotin, .002 mg; 
choline, 300 mg; para-amino benzoic acid, 25 
mg; vitamin K, 0.5 mg. Two drops of oleum 
percomorphum were given by mouth twice 
weekly to each rat as a source of vit. A and 
D. Five rats were in each group and each 
series was repeated at least once. A total of 


*This work was supported in part by research 
grants from the National Institute of Health, 
Public Health Service, the American National Red 
Cross (Atomic Energy Commission) and Playtex 
Park Research Institute. 
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FIG. 1. Effectiveness of citrovorum factor in 


counteracting aminopterin. 


225 rats were used in these experiments. 

Results. The data extend the previous 
findings that the addition of citrovorum factor 
can correct the “folic acid deficiency” induced 
by aminopterin, and that aureomycin is able 
to counteract the effect of the antagonist. 
Fig. 1 illustrates the weight gain obtained on 
a basal diet without any folic acid compounds, 
and the increased growth that results after 
citrovorum factor+ is added. The further ad- 
dition of vit. By. was without effect and it may 
be that adequate quantities of By. occur in 
the purified casein so that no increased growth 
response could be demonstrated with addi- 
tional vit. By. It will also be seen in Fig. 1 
that when 100 ug of aminopterin+ are added 
to the diet containing 38 pg of citrovorum 
factor the antagonist is unable to produce the 
deficiency. From other work in this labora- 
tory it is apparent that small amounts of 
citrovorum factor can counteract increasing 
amounts of aminopterin in a stoichiometric 
relationship. It should be remembered that 
this relationship does not exist between folic 
acid and the folic acid antagonists. 


Fig. 2 shows the poor growth obtained with 


¢ We wish to express our thanks to Lederle Labora- 
tories, American Cyanamid Co. for supplies of 
aminopterin and citrovorum factor. 
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100 xg of aminopterin on the basal diet con- 
taining vitamin By) and the markedly im- 
proved growth which results when 10 mg of 
aureomycin are included in such a diet. Tf 38 
xg of citrovorum factor are added to the basal 
aminopterin diet, growth is about equal to that 
of the aureomycin group. This suggests that 
aureomycin probably does influence the bac- 
terial flora in such a way that citrovorum 
factor or folic acid is provided to the host. 
Fig, 2 also demonstrates that when aureo- 
mycin and citroverum factor are added to- 
gether, despite the presence of aminopterin, 
growth is much superior to that of either 
aureomycin or citrevorum factor alone, It 
may be that when citrovorum factor is added 
to the diet conditions are made more favorable 
for the intestinal bacteria to provide still fur- 
ther growth factors which have not vet been 
elucidated, 

We have found that different sources of rats 
San influence some of the findings in our ex- 
periments, Evidently the strain of rats, and 
more importantly their intestinal flora, play 
a part In determining what growth response 
the animal will have. It has been found that 
the rats from commercial source “A” did not 
provide the consistent growth response ob- 
tained with aureomycin on the aminopterin 
diet. More reproducible results were ex- 
perienced with rats from commercial source 
“B’. Aureomycin was able to correct the 
aminopterin-induced deficiency in 2 of 3 
series, but in the third irregular responses were 
obtained, This last group of rats was ob- 
tained from the commercial source “A” and 
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our experience with these animals indicated a 
variable growth response in rats receiving the 
same diet. When this was recognized, only 
rats from commercial source “B” were used. 

Since the beneficial effect of aureomycin 
was suggestive, it was of interest to study the 
effect of other antibiotics on aminopterin- 
induced folic acid deficient diets. Fig. 3 
shows that streptomycin, penicillin, terramy- 
cin and chloromycetin are unable to counter- 
act the effect of aminopterin. In 2 of the 
series terramycin was ineffective although in 
a third series the increased weight gain was 
indicative of the improvement over the amino- 
pterin-containing diet. This last observation 
emphasizes the variations in the sources of 
rats and also illustrates the importance of the 
previous nutritional history of the breeding 
females. 

Discussion. These experiments have pro- 
vided additional information on the action of 
antibiotics in the deficiency induced by a folic 
acid antagonist. Although we feel that the 
antagonist probably induced a folic acid 
and/or citrovorum factor deficiency, no final 
explanation exists as to how the antibiotics 
are able to overcome these particular deficits. 
There is some evidence to support the hy- 
pothesis that the intestinal flora is providing 
the factors required by the host. Davis and 
Chow(2) gave indirect evidence when they 
showed that radioactive cobalt (CO*®) in the 
diet of adult rats could be incorporated in the 
vit. By. found in the feces after aureomycin 
was fed. Jacob and his coworkers(3) found 
that intravenous aureomycin was re-excreted 
into the intestines and partially suppressed 
the fecal flora in both man and dog. 
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It is of interest, therefore, to speculate why 
the beneficial effect was not obtained with 
antibiotics other than aureomycin, since their 


antibacterial spectra are not too dissimilar. 


‘ 


et 


_ It may be that some of the antibiotics were 


rapidly destroyed in the intestinal tract or by 
body tissues and therefore could not be effec- 
tive against the “deleterious” bacteria that 
were either consuming citrovorum factor or 
destroying it and therefore making it unavail- 
able to the host. One of the greatest defects 
in our information at present is the fact that 
little is known about the synthetic abilities 
of a particular microorganism and less infor- 
mation is available on the interrelationships 
between the various organisms in the intestinal 
tract. The suppression of some bacteria 
and/or the resulting ability of others to 
flourish may account for the relative effective- 
ness of an antibiotic to indirectly provide the 
particular substance required by the host. 


NorRMAL MUtcoPpROTEIN VALUES IN THE DoG 527 


Summary. Streptomycin, terramycin, peni- 
cillin and chloromycetin, unlike aureomycin, 
were ineffective in overcoming the deficiency 
induced by the feeding of aminopterin to rats. 
Citrovorum factor is able to counteract amino- 
pterin at low levels, indicating that the amino- 
pterin may be a citrovorum factor antagonist 
as well as a folic acid antagonist. The addi- 
tion of aureomycin to a diet containing citro- 
vorum factor provides better growth thar 
could be obtained on either supplement alone. 


1. Waisman, H. A, Green, M., Cravioto, J., 
Ramenchik, A., and Richmond, J. B., Proc. Soc. 
Exp. Brox. AND MeED., 1951 v76, 384. 

2. Davis, R. L., and Chow, B. F., Proc. Soc. 
Exp. Brot. AnD Mep., 1951, v77, 218. 

3. Jacob, S., Schweinburg, F. B., and Rutenburg, 
A. M., Proc. Soc. Exp. Brot. anpD Mep., 1951, v78, 
121. 
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Normal Mucoprotein Values in the Dog; Response to Distemper Vaccine 


- and to Endocarditis.* 


(19434) 


Rospert N. HAMMeERsTROM,' Forrest H. Apams, JOHN BussMAN, AND 


C, Watton LILLEHET. 


(Introduced by O. H. Wangensteen.) 


(With the technical assistance of Shirley Cunningham.) 
From the Departments of Surgery and Pediatrics, University of Minnesota Medical School, 
Minneapolis, Minn. 


The alterations in serum proteins in a 
variety of clinical conditions have received 
considerable attention in recent years. One 
field of investigation has concentrated on the 
mucoprotein constituents of the blood serum. 
It has been: shown by several investigators 
(1-5) that an elevation in the mucoprotein 
concentration in the human occurs in many 
conditions. Winzler and coworkers(1,2) have 
demonstrated an increase in patients with 
malignancies of various types. They likewise 


* These investigations were supported by Research 
Grants from the National Institutes of Health, 
U. S. Public Health Service, The Graduate School 
of the University of Minnesota, and Minnesota 
Heart Association. 

+ Public Health Service Research Fellow of the 
National Heart Institute. 


showed that patients with pneumonia have an 
elevated mucoprotein level. Other infections, 
both of bacterial and of virus origin, are re- 
ported to be accompanied by a rise in muco- 
protein values(3). It would appear that the 
mucoprotein component of the blodd exhibits 
a non-specific response to body tissue injury. 
The only instance of reduction in the muco- 
protein value clinically is that which occurs 
with severe renal disease(5). Recently, atten- 
tion has been directed to the response of the 
mucoproteins in rheumatic  fever(3.4,6). 
Adams and coworkers(6), on the basis of 
studies in rheumatic fever patients, have sug- 
gested that even though adrenocorticotropin 
therapy often produced an apparent clinical 
and laboratory remission, the abnormal muco- 
protein elevations persisted in their patients 
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until the rheumatic process became inactive. 


The above mentioned studies have led to 
the investigation of serum mucoprotein levels 
in dogs under the following conditions: Group 
I, normal dogs; Group II, response to a dis- 
temper vaccine in normal dogs; Group III, 
dogs with a chronic cardiovascular stress in 
the form of large arteriovenous fistulas; 
Group IV, dogs with bacterial endocarditis 
produced by the intravenous injection of small 
numbers of bacteria following the construction 
of large arteriovenous shunts. 

Methods of study. The analysis of the 
serum mucoproteins was carried out after the 
method of Winzler(1), using the Folin- 
Ciocalteau reagent, with adaptation to the 
Coleman Photoelectric Colorimeter. This 
method actually determines mucoprotein from 
an estimation of its tyrosine content, which 
has been found to bear a constant relationship 
to mucoprotein carbohydrate and nitrogen. 
Group I. Normal dogs. Blood for the deter- 
mination of the normal mucoprotein control 
values was drawn, immediately upon admis- 
sion to the animal colony, from each of 55 
mongrel dogs, unselected as to sex or age. No 
animal which had any obvious evidence of 
infection or disease was accepted for a control 
determination. Group IJ. Animals receiving 
a distemper vaccine. ‘The day of admission, 
after withdrawal of a control sample, 23 of 
these same animals were injected subcutane- 
ously with 5 ml of canine Distemper Vaccine 
(Virogen).+ This product is prepared from 
virulent canine distemper virus (20% sus- 
pension) and selected strains of the important 
secondary invaders—Brucella bronchisepticus, 
Streptococcus (pyogenic), and Salmonella 
typhimurium. It is formalin-killed, and so 
prepared as to preserve the full immunizing 
value of the virus and the bacterial antigens. 
They were also given an oral vermifuge 
(Vermiplex)’ and an insecticide was exter- 
nally applied (Lexone).!|| Repeat mucoprotein 
determinations were made 2 days later, and 
thereafter at weekly intervals. Group IJI. 


+ “Virogen®”—Pitman-Moore Co., Indianapolis. 
§ Vermiplex—Pitman-Moore Co., Indianapolis. 
|| “Lexone’—E. I. du Pont de Nemours and Co., 
Wilmington, Del. 
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Dogs with large arteriovenous fistulas and no 
infection. Mucoprotein determinations were 
made in 11 dogs with a severe cardiovascular 
stress in the form of large arteriovenous fis- 
tulas. All of these dogs had received the 
distemper vaccine as normal animals prior to 
the construction of their arteriovenous shunts. 
In 7 of the 11 dogs in this group the muco- 
protein levels had been followed until they 
had returned to the normal range.! In the 
other 4 animals of this group, although actual 
determinations were not made, a_ sufficient 
length of time was allowed to elapse** for the 
mucoprotein levels to return to normal before 
the fistulas were made. These dogs carried 
either 2 lower extremity fistulas (an iliac and 
a femoral) or a single aorta-vena cava fistula, 
which were made according to technics pre- 
viously described from this laboratory(7-10). 
The physiologic alterations in the hemo- 
dynamics and the increase in adrenal gland 
weights of animals with arteriovenous shunts 
of this size have been described(8). This 
group of animals had no sign of infection, and 
all of them had repeated negative blood cul- 
tures during the period mucoproteins were be- 
ing studied. Group IV. Dogs with large ar- 
teriovenous fistulas and bacterial endocarditis. 
This fourth group of animals, in which muco- 
protein determinations were made, had endo- 
carditis produced by the standard technic em- 
ployed in this laboratory(7-10). Briefly de- 
scribed, this method for the production of en- 
docarditis consisted of the construction of 
arteriovenous fistulas of a size similar to those 
described for the dogs of Group III. After an 
interval of 4 weeks or more following con- 
struction of the shunts, small numbers (0.005 
cc to 0.5 cc of a 24-hour broth culture, daily 
for 7 days) of Lancefield Group Att or D#} 
beta hemolytic streptococci were injected in- 
travenously. These dogs then carried positive 
blood cultures and were proved at autopsy to 
have bacterial endocarditis with severe val- 


Mean value and standard error of mean for 
these 7 dogs was 2.1 + 0.27. 

** 7 to 18 weeks. 

+t Lancefield, Group A, Type XIV. 

tt Lancefield, Group D, “Strain I. F.” See ref- 
erence No. 10 for further description. 
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Time in weeks 
FIG. 1. Dog mucoprotein-tyrosine levels* following distemper immunization. 
* (Shaded area represents the range, the heavy dark line the mean values). 
I , a ) 


vular deformities due to vegetations. 

Results. Group I. Normal dogs. The 
mucoprotein-tyrosine value of 55 normal dogs 
ranged frem 1.2 to 4.4 mg %. The mean 
value was 2.5 mg % with a standard error of 
the mean of +0.11 mg %. Group Il. Ani- 
mals immunized against distemper. The se- 
quential mucoprotein-tyrosine values for this 
group of dogs showed a rising trend already 
evident 2 days after immunization, and reach- 
ing a peak level at a time 2 weeks after the 
immunization. Thereafter, the values show a 
declining trend toward normal. In the accom- 
panying figure (Fig. 1) the heavy line repre- 
sents the mean of the values for the serum 
mucoprotein-tyrosine determinations in the 23 
dogs followed subsequent to distemper-bac- 
terialt immunization. The shaded area in- 
dicates the range of variation of these deter- 
minations. Twelve of the 23 animals were 
followed at weekly intervals until their muco- 
protein-tyrosine values returned to normal. 
This occurred in the majority of animals by 
7 weeks, but took as long as 18 weeks in ani- 
mals which clinically developed distemper in 
spite of having received the vaccine. The 
highest (10.8 mg %) and most prolonged ele- 
vations (18 weeks) of the mucoprotein-tyro- 
sine levels occurred in these animals. The 


ranges of values as shown in Fig. 1 reveal 
a considerable individual variation in the re- 
sponse to a standard vaccine. Group III. 
Dogs with large arteriovenous fistulas and no 
infection. The 11 dogs with large arterio- 
venous fistulas alone had a mean mucoprotein- 
tyrosine level of 3.0 mg % +0.20 (standard 
error of the mean). The range in values ob- 
served varied from 1.9 to 4.0 mg %. Group 
IV. Dogs with large arteriovenous fistulas 
and bacterial endocarditis. The 11 dogs in 
this category, with large arteriovenous fistulas 
and a beta hemolytic streptococcic endocardi- 
tis, showed the highest mucoprotein-tyrosine 
levels as a group. The range for these dogs 
was 3.1 to 9.8 mg % with a mean of 6.0 mg % 
+ 0.63 (standard error of the mean). 
Discussion. Statistical analyses of the re- 
sults in the 4 groups of dogs studied are shown 
in Table I. The elevation in serum muco- 
protein levels at the peak of the response to 
the vaccine in Group II, as compared with 
Group I, is significant as evidenced by a P 
value of <.01. The elevation in mucoprotein- 
tyrosine levels occurring in dogs with the car- 
diovascular stress produced by large arterio- 
venous fistulas only (Group III) as compared 
to the normal controls (Group I) is also sig- 
nificant (P <.05). The higher elevation in 
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TABLHE I. Comparative Mucoprotein-Tyrosine Values (mg %) Statistical Analysis. 


Group 


re Norms al dogs 

It, 22 >> 2 wk after immunization 

. Arteriovenous fistula dogs without infection 
or endocarditis 


IV. Arteriovenous fistula dogs with endocarditis 


mucoprotein-tyrosine levels in the animals 
with arteriovenous fistulas and endocarditis 
(Group IV) as compared with the controls 
(Group I) is highly significant (P value 
<.01). These data reveal the normal dog 
mucoprotein-tyrosine level, heretofore unre- 
ported, to correspond rather closely to normal 
human mucoprotein-tyrosine levels. 

The temporary rise observed in dogs given 
distemper vaccine indicates that the muco- 
proteins may be involved in the immunological 
response. This observation is similar to the 
findings of Good e¢ a/.(11), who noted that a 
rise occurred in hyperimmunization in rabbits 
and rats. However, no evidence has been pre- 
sented in these studies to indicate that the 
elevations of the serum mucoprotein levels 
observed in the dogs in response to distemper 
vaccine represents a specific immune response. 
This reaction of the mucoproteins may repre- 
sent the non-specific response to the injection 
of the toxins of killed bacteria. It would be 
of interest to see if these observations can be 
clinically corroborated following routine im- 
munization procedures in humans. 

The stress of large arteriovenous fistula 
loads produces a small, but apparently sig- 
nificant increase in the dog’s mucoprotein- 
tyrosine level. It should be noted that the 
stress of large arteriovenous fistulas has been 
shown to produce an increase in adrenal gland 
weight (8-10). Good and coworkers(11), in 
a brief report on investigations on the effect of 

various forms of stress on mucoproteins found 
an elevation to occur with chronic chilling, 
hyperimmunization and adrenalin injections; 
whereas the Arthus Phenomenon, Schwartz- 
man Phenomenon, soft tissue destruction by 
cautery, adrenalectomy, and mock operation 
had no effect. The evidence that the serum 
mucoproteins reflect a stress response is, there- 


Mean and 
No. of : stand. error 

dogs Range of mean 
55 1.24.4 2.5 ie 

23 2 -8.5 4.6 + .36 

li 1.9-4 3 + .20 

11 3.1-9.8 6 +.63 

fore, inconclusive. The highest levels of 


mucoproteins were observed in dogs with large. 
arteriovenous fistulas and endocarditis, sub- 
stantiating clinical observations on the muco- 
protein elevation accompanying infections. 
The exact nature of the role of the serum 
mucoproteins and their ultimate significance 
in pathologic physiology remains to be elu- 
cidated. 

Summary. 1, The normal serum mucopro- 
tein-tyrosine level in 55 dogs has been de- 
termined. 2. The mean value for normal dogs 
was found to be 2.5 mg % + 0.11, which 
value corresponds closely to that for normal 
humans. 3. Distemper vaccine produced a 
temporary, but significant, elevation in the 
mucoprotein-tyrosine levels in-dogs. 4. The 
peak response of the serum mucoprotein- 
tyrosine levels to the distemper vaccine was 
reached in 2 weeks; and had returned to nor- 
mal in the majority of animals by 7 weeks. 
5. The physiologic stress of large arteriovenous 
fistula loads in dogs produced a statistically 
significant elevation in the mucoprotein- 
tyrosine levels. 6. The mucoprotein-tyrosine 
levels were found to be elevated significantly 
and to a much greater degree in dogs with 
large arteriovenous fistulas and bacterial en- 
docarditis produced by beta hemolytic strep- 
tococci. 
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Neutrality Regulation Mechanisms in Rats Receiving Sulfonic Ion 


Exchange Resin. 


(19435) 


Evan W. McCHESNEY. 


From the Sterling-Winthrop Research Institute, Rensselaer, N. Y. 


Previous studies of the im vivo action of 
cation exchange resins(1,2) have shown that 
one of their important effects, when fed in 
either the H— or NH, form, is to increase 
urinary acid excretion (i.e., BH2PO, +- NHs). 
However, if the resin fed contains about 2.4 
meq of sodium or potassium per g the urinary 
acid output remains the same as that of con- 
trol animals receiving the same diet, without 
“resin. From this it may be reasoned that the 
net fecal alkali loss which occurs as a result 
of ingesting the resin, on the specific diet 
used, must also be 2.4 meq per g. This as- 
sumes, of course, that there has been no net 
change in the alkali reserve of the animals 
during the experimental period. It consti- 
tutes one approach to the problem vf de- 
termining the total im vivo cation uptake of 
the resin. : 

Our understanding of the effects of cation 
exchange resins on neutrality regulation mech- 
anisms is largely based on studies of human 
subjects. The work of Irwin et al.(3) indi- 
cates that the ingestion of H-form resins re- 
sults in a compensated metabolic acidosis. 
The fact that either H— or NH, form resins 
may cause acidosis is well known, and for the 
intended purpose, this is to some extent de- 
sirable(4). Rats receiving 10% of either car- 
boxylic or sulfonic resin in their diets grow 
nearly as well as control animals on the same 
(vesin-free) food(5,6), which indicates that 
they are quite able to deal with this situation 
over the long term. How they accomplish 
this is not exactly known, nor has the acidify- 


ing action of the resins been sufficiently studied 
quantitatively. The purpose of the work re- 
ported herein has been to study neutrality 
regulation during a period of resin feeding, 
and during a subsequent “recovery” period, 
in order to clarify some of these points more 
adequately. 

Experimental procedures. Twelve female 
rats served as subjects for these experiments. 
They were kept in pairs in metabolism cages, 
with provision for the collection and separa- 
tion of urine and feces. The former was col- 
lected in paraffin-lined beakers over thymol. 
Deionized water was available at all times. 
Regular colony diet* was provided ad lib. for 
5 days before the test procedures began, and 
during the 5-day recovery period, except that 
no food was available for the last 16 hours of 
these periods. The resin period,t which inter- 
vened, was also of 5 days’ duration; the 
animals were not fasted at its conclusion, but 
were immediately transferred to the colony 
diet. Food consumption records were kept 
for the resin and recovery periods, and all of 
the analytical data were reduced to terms of 
meq per 90 g of colony (or 100 g of resin- 
containing) diet consumed. For purposes of 


* For composition, see reference (7), footnote 4. 
Analysis indicated that 90 g of this diet contained 
the following, as meq: Na, 274; K, 20.8; Ca, 29; 
Mg, 11; PO,, 52; and Cl, 29. 

t Diets of pairs 2-6 then contained 10% resin. 
Ammonium-form (4.6 meq NHz per g) and potas- 
sium-form (4.1 meq per g) were mixed to give 
potassium contents described in the Table. 
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io Catasics os ev 350 ce before analysis. The analytical meth- 


ods used were the same as those previously 
described(1,8); the data are presented in 
Table I. 
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no evidence that this effect is significantly 
compensated, during the recovery period, by 
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_ fecal alkali loss. It is true that a part of this 
potassium does not actually become avail- 
able to the animals, but this is taken into 
account in computing the fecal alkali loss. 
_ The latter factor is a measure of the total in 
vivo cation uptake of the resin (other than 
_ for hydrogen and ammonium ions), and is 
quite consistent, averaging 2.4 meq per g for 
all pairs for the two experimental periods 
‘combined. This figure is in good agreement 
with that previously obtained(1), although 
_ arrived at in a somewhat different manner. 
_ The data for pairs 3 and 4 confirm the previ- 
ous observation(2) that a potassium content 
of 1-2 meq per g resin is probably optimal. 

An important feature of the results is the 
apparent failure of pairs 5 and 6 to compen- 
sate, during the recovery period, for the 
alteration in their alkali reserve which the 
data indicate occurred during the resin period. 
The positive balance is represented partly by 
retained potassium, as is shown by the cation 
balance data. Since no significant amount of 
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FIG. 1. Total sodium and potassium in feces, as 
eompared to sodium and potassium extractable by 
water, plotted against potassium content of resin. 
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compensation occurs in these pairs (or in 
pair2) during the recovery period, it is evi- 
dent that nearly complete compensation has 
already taken place (as, for example, by al- 
teration of the rate of excretion of alkali 
bicarbonates(10)). Also, the following ob- 
servation may be of some interest. 

Nature of resin-cation combination. It has 
usually been assumed that extra cations ap- 
pearing in the feces as a result of resin in- 
gestion are “bound” by it(1,2,7,8). Physical 
isolation of the resin from the other fecal 
matter would show definitely whether this is 
so. It is also possible(8) that hydration of 
the resin in the intestine leads to the reten- 
tion of some electrolytes which are not di- 
rectly associated with it. In order to study 
this point, 2% aqueous extracts of the feces 
of pairs 1-6 for the resin period were made,+ 
filtered, and analyzed for sodium and po- 
tassium, with the results shown in Fig. 1. 
It is apparent that the amounts of each of 
these ions in the extracts is directly related 
to its total concentration in that sample. 
About half of the sodium is extracted in each 
case, but the proportion of potassium ex- 
tracted increases with the total amount pres- 
ent. In fact, in pair 2 the extractable po- 
tassium is even less than the amount found 
in the controls. This could mean that an ex- 
change reaction is occurring during the ex- 
traction, with some potassium passing inte the 
resin. This would occur if the K:Na ratio 
in the fecal residues exceeded that already 
existing in the resin. It is not clear, however, 
why such large proportions of these cations 
are present in a readily extractable form. 
The feces of these animals were not of a 
character which would suggest that any ex- 
tensive water retention had occurred.$ It 
also seems unlikely that the extracted ions 
have been released in exchange for other 


+ The finely pulverized feces were extracted with 
mechanical shaking for 45 minutes, then filtered. 
The pH of all extracts was 6.7. 

If the resin does cause any appreciable water 
retention, some of the extra cations appearing in 
the feces may not represent a loss of alkali, since 
the anions would also be retained in the intestine. 
This would help to explain the results in pair 2, 
but not in 5 and 6. 


534 


cations present in normal feces, except as 
noted above. 


Summary. Rats receiving sulfonic acid 
resin respond by increasing their urinary out- 
put of acid phosphate and ammonia, but not 
in amounts sufficient to compensate for their 
fecal alkali loss. Those receiving moderate 
amounts of potassium resin show little change 
in acid-base balance, while those on high 
potassium resin intakes show a partially com- 
pensated alkali retention. The net fecal alkali 
loss amounts to 2.4 meq per g resin fed, but 
a large part of this represents increased phos- 
phate absorption, presumably due to the bind- 
ing of calcium and/or magnesium by the 
resin. There is suggestive evidence that some 
of the extra alkali appearing in the feces as 
a result of resin ingestion is not in direct 
combination with the resin, and this may have 
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some bearing on the problem of neutrality 
regulation. 
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Protective Effect of Moisture on Denaturation of Human Serum Albumin 


By Heat (19436) 


J. W. Hornrsroox. 


(Introduced by M. Pittman.) 


From the Federal Security Agency, Public Health Service, National Institutes of Health, 
National Microbiological Institute, Bethesda, Md. 


It is well known that various proteins and 
living organisms are more resistant to heat 
when dry than when in the liquid state. How- 
ever, certain materials when dried to a criti- 
cal level (5-10% moisture) are more unstable 
than the same material in solution(1). While 
studying this interesting fact it was noted 
that dialyzed albumin, though denatured by 
heat when thoroughly dry, was protected when 
containing a certain amount of moisture. 

This observation is published since it may 
have some bearing on the discordant results 
obtained in studies on viability of dried bac- 
terial cultures. 

Procedure. Twenty-five per cent human 
serum albumin containing 1/15,000 merthio- 
late was dialyzed for 24 hours at 4°-6°C 
against several changes of distilled water. This 
was made up to 5% solution with distilled 
water and 4.5 ml quantities distributed into a 
number of 20 ml ampoules. To one-third of 
these was added 0.5 ml of water, to another 
third 0.5 ml of M NaCl and to the last third 


0.5 ml of 5 M NaCl. This material was then 
dried from the frozen state in the ampoules. 
They were then divided in 6 groups and 
placed in desiccators over sulfuric acid of the 
following specific gravities: 1.83, 1.73, 1.61, 
1.53, 1.42, and 1.31. They remained for over 
a week in the desiccators at room temperature 
under a vacuum of 1-10 mm of Hg. During 
this time the moisture content of the albumin 
in each desiccator reached a predetermined 
level depending upon the concentration of the 
sulfuric acid(2). One ampoule of each prepa- 
ration was then removed from the desiccators 
and the moisture content determined by the 
U.S.P. method. The remainder of the ampoules 
were then sealed under air. The sealed am- 
poules were then autoclaved at 250°C for 2 
hours, opened and reconstituted with 5 ml of 
distilled water. A photoelectric colorimeter 
(Lumetron) was used to measure the turbidi- 
ties using a green (530) filter. The results 
were plotted as percent transmission of a 
water control. 
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Results. Fig. 1 expresses the findings we 


obtained. The percent transmission roughly 
indicates denaturation, 100% indicating no 
denaturation and ins. indicating insoluble or 
nearly complete denaturation. The ampoules 
from the 6 desiccators are represented on the 
horizontal axis. The following additional in- 
formation is recorded: Percent sulfuric acid 
by weight, specific gravity of the acid, water 
vapor pressure over the acid at room tempera- 
ture, and moisture content of the albumin. 
The denaturation curves of the 0.1 M and 0.5 
M NaCl albumin are similar to the curves 
which have previously been obtained for 
plasma and serum. These together with the 
albumin in water tend to become unstable at 
about 7% moisture and are quite unstable at 
12% moisture. The albumin in water curve 
is most unusual in that it indicates that 
albumin is more stable when it contains 4% 
moisture than when it contains 0.4% moisture. 
We have found that essentially the same thing 
occurs when S. marcescens is dried in distilled 
water. Stability is greater when dried over 
70% sulfuric acid than when dried over 93% 
acid. 

Discussion. An explanation for the above 
findings is not apparent. However it is inter- 
esting to conjecture as to why this apparent 
anomaly should occur. It is possible that 
there are a number of points in the albumin 
molecule which have affinities for other mole- 
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cules or for themselves. It is of course well 
known that albumin does react by binding 
fatty acids, certain dyes, salts, etc. Normally 
electrolytes or other substances would be at- 
tached to the molecule at these points. This 
would tend to prevent the union of these 
points to each other or to similar points on 
other albumin molecules. Such a union might 
result in polymerization resulting in insolu- 
bility. It seems reasonable, in the absence of 
such electrolytes, that water molecules might 
take their place, thus preventing polymeriza- 
tion, Calculation of the number of molecules 
involved makes this assumption possible. Each 
214 g albumin” 


ampoule contains; ——— ———_——- = 
69000 (Mol wt albumin) 


3 x 10% mols albumin. Each ampoule with 
0.1 M NaCl contains 5 x 10% mols NaCl. In 
the absence of salt the number of mols of 
water to prevent denaturation is 6.5 x 10%. 
This compares well with the figure 5 x 10% 
indicating that possibly approximately the 
same’number of molecules of either water or 
salt are needed to protect against denatura- 
tion. If we divided the number of mols of 
water needed by the number of mols of 
albumin we have the figure 210 which is the 
number of molecules of water per molecule of 
albumin. Brand(3) has shown that there 
are 550 molecules of amino acids derived from 
one molecule of albumin. It is not clear what 
relationship these figures have to each other. 
However it is possible that experiments along 
this line may be useful in the study of the 
structure of albumin and other substances. 


Summary. Dried dialyzed albumin is de- 
natured by heat. One tenth M NaCl or 4 to 
7% moisture prevented coagulation under the 
conditions of the experiment. 


* Actual wt. of albumin in the ampoule. 
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Growth Effects of Desoxycorticosterone and Cortisone with Special 


Reference to Compensatory Renal Hypertrophy.* 


(19437) 


C. E. HALL AND O. HALL. 


From the Carter Physiology Laboratory, University of Texas Medical Branch, Galveston. 


Ingle(1) and others(2,3) described the in- 
hibitory effect which cortisone exerts on the 
growth of normal and abnormal tissues. It 
has been reported that doses of cortisone 
which inhibit body growth, fail to affect the 
size of the liver, testes, pituitary or heart in 
rats, although causing atrophy of the adrenals, 
thymus and spleen(4). Desoxycorticosterone, 
on the other hand, is known to produce en- 
largement of the kidneys and heart at certain 
dose levels(5), and atrophy of the adrenal 
cortex, primarily of the glomerulosa(6). 

This study compares the activity of the two 
hormones with respect to certain growth 
effects, particularly the compensatory renal 
hypertrophy consequent to uninephrectomy. 
While these studies were in progress a com- 
munication appeared which presented data 
indicating that cortisone augmented com- 
pensatory renal hypertrophy(7). The meth- 
ods of study employed differed from those used 
in the present instance, and may explain the 
differences in data and conclusions, as com- 
pared with those presented here. 

Materials and methods. Sixty-eight female 
rats of the Holtzman strain, weighing 52-82 
g were divided into 4 groups of similar average 
weight. One group received 1 mg of cortisone 
acetate’ twice daily subcutaneously; the sec- 
ond group received desoxycorticosterone ace- 
tate (Doca) prepared in the same yehicle, in 
the same amount and manner as for cortisone; 
the third group was restricted as to food in- 
take so as to cause the body weight to remain 
Static as in the cortisone-treated animals; and 
the fourth group served as normal controls. 
Each group, except that on restricted feeding, 
consisted of 16 animals half of which were 


* This study was supported by 
American Heart Association. 

? The authors are indebted to Dr. Augustus Gibson 
of Merck and Co., Rahway, N. J. for generous sup- 
plies of cortisone, and to the Schering Corp., Bloom- 
field, N. J. for liberal quantities of desoxycorti- 
costerone acetate. 
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uninephrectomized at the beginning of the 
experiment. The group on restricted food 
intake consisted of 20 animals, 8 of which 
were uninephrectomized. Tap water was ac- 
cessible to the animals at all times and Purina 
Laboratory Chow was fed in limited amounts 
to the group on restricted food intake and 
ad lib. to all other groups. The left kidneys, 
removed on the first experimental day from 
the animals in which compensatory renal 
hypertrophy was to be studied, were placed 
in Bouin’s fixative for 24 hours, washed in 
water and weighed after careful drying on 
filter paper. The experiment was terminated 
on the 15th day and organs to be weighed were 
treated in the same manner as the kidneys 
removed at operation. 

Results. The body and organ weights, to- 
gether with their standard errors, are given in 
Table I, with other essential data. 

Growth. Growth, as judged by increment 
in body weight, failed to occur in rats treated 
with cortisone and in the untreated animals 
on a restricted food intake. Doca neither ac- 
celerated nor retarded growth; these animals, 


and the controls, almost doubled their initial - 


weight during the experiment. 

Adrenals. The adrenal glands in the ani- 
mals on a restricted food intake were, in pro- 
portion to their body weight, as large as those 
of controls. It would appear that the degree 
of food restriction employed did not evoke 
a stress response. In agreement with previ- 
ously published results a slight degree of 
adrenal atrophy was produced by Doca and 
a more marked atrophy by cortisone. 

Heart. The auricles were dissected from 
the hearts and the ventricles weighed. These 
were heavier, when the weight was expressed 
as a function of body weight, in cortisone- 
treated rats than in controls. In the remain- 
ing groups the heart weight was essentially 
the same, being unaffected by Doca, restricted 
food intake or uninephrectomy. 

Kidneys. The left kidneys removed at 
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TABLE I. Effect of Doca, Cortisone and Food Restriction on Growth of Body, Heart, Adrenal 


and Kidney. 
Restricted 
Data Controls Doca Cortisone diet 
No. rats 8 8 BS} 12 
tBody wt. ¢ Initial 66. SE, = Gy aie emi | ES aes ar O62 =, «2 
Final iS Re 1 en 66.-=— 4 Sia 8 
Adrenals mg Spe ponies | 23:0 32) 14 82°04 RET SE O2 
mg % 7. 8 ele AO-5 = te? 15 703 269+ 08 
Heart mg 200: 213 335), 4 246 +14 Line. 6 
mg % 254r te 7 268% “7 370 +15 268 + 9 
Kidneys, Left mg 465 =18 599 +24 396 +16 309. == 12 
mg Yo AQT 2 15 479 +12 598 +14 468 +12 
1. Right mg 479 =20 647 +28 412 +15 Bo Rae ne 
mg % 420 15 518 = 14 628 +21 501-9 
Renal mass mg Yo BIS. ee 25 997 +24 1226 +36 969 +19 
No. rats 8 8 8 8 
+Body wt. ¢ Initial GF TEENS yee eRe 68 + 3 free te 2 
Final Of Ee 4 cit ie ee oe 64 = 2 y | | es ee, 
Adrenals mg A. is Si 254s OT Kc OZ 197 £3 
mg % Po te | 234 == OSs 141+ 0.7 287 3: 
Heart mg S20 eS 29 Tee £2 343 Gopal Uy vA T WS Saat 
mg % 303 +12 269 + 6 pS piss bs 301 +15 
Kidneys, Left (a) mg 320) 33 72 306 +10 319 =11 Shit (2 19 
mg % ATA EDS 451 +13 457 19 453 +1 
2. Right (b) mg 714. + 26 848 +40 587 a7 427, t= S 
mg % 673 + 20 762 +20 915°. 223 601 = 12 
Hypertrophy % {c) 60 47 46 20 
% Renal mass 
intact 82 66 75 62 
2-1 : 
*Means + Standard errors. a=at operation. b—=at autopsy. c= Yo. -1 = Intact: 


+ = Uninephrectomized. 


operation ranged, in the 4 groups, from 306 
to 320 mg with an average of 315 mg. Since 
this was based on the weight of 32 kidneys it 
may be taken as representative of the weight 
of left kidneys of the non-operated animals 
at the beginning of the experiment. There- 
fore, the left kidneys of the intact animals 
averaged at the beginning 315 mg and at- 
tained a weight of 465 mg in controls; 309 
mg in the restricted food group; 396 mg in 
cortisone-treated animals and 599 mg in 
Doca-treated animals. This represents an in- 
crease in actual renal mass of 47%, 0%, 25%, 
and 90% respectively. Kidney weight was 
greatest in proportion to body weight, in corti- 
sone-treated rats, since the 25% increase in 
mass occurred in the absence of body growth. 
The degree of compensatory renal hyper- 
trophy was calculated by subtracting the aver- 
age weight of the right kidney (in mg/100 g 
body weight) of intact animals from the aver- 
age weight of the right kidney of similarly 
treated uninephrectomized animals and ex- 


pressing the difference in the latter as a per- 
centage above the former. Compensatory 
hypertrophy was greatest in controls (60%), 
least in the group on restricted food intake 
(20%) and intermediate in the Doca (47%) 
and cortisone-treated rats (46%). 

Discussion. In the group where body growth 
was held in abeyance by the restriction of food 
intake, kidneys of intact animals also failed 
to grow and the weights of the hearts and 
adrenals suggested that these organs grew 
little if at all. The proportionate suppression 
of growth resulted in a normal relationship 
between body size and the size of the visceral 
organs studied. 

Although cortisone had the same effect on 
body weight as a restriction of food intake, 
the effect on the organ weights was quite dif- 
ferent. The adrenals were atrophic, doubtless 
due to a suppression of adrenocorticotrophic 
hormone secretion, while the heart and kidney 
showed evidence of growth. In the case of 
uninephrectomized, cortisone-treated animals 
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the heart weight was greater even in absolute 
units than in any of the other groups. This 
effect may have been due to a moderate de- 
gree of hypertension, since cortisone is known 
to produce elevations of blood pressure under 
certain circumstances, especially in the pres- 
ence of renal insufficiency(8). However, there 
is no proof that any animals were hyper- 
tensive in this experiment. Although the 
kidneys only increased their initial mass by 
25% this occurred in the absence of any 
corporeal growth, resulting in great hyper- 
trophy when kidney weight was expressed as 
a percentage of body weight. Desoxycorti- 
costerone acetate augmented the growth of the 
kidneys and produced slight adrenal atrophy, 
but was without any effect on cardiac weight 
in the dose used. 

Compensatory renal hypertrophy was great- 
est in control animals, amounting to 60%. 
The remaining kidney attained a weight which 
was 82% that of paired kidneys of intact 
rats. This was reduced to 46% (75% of 
total renal mass of intact rats) and 47% 
(66% total renal mass of intact rats) by 
cortisone and Doca respectively. Restric- 
tion of food intake which prevented renal 
growth in intact rats permitted a 20% hyper- 
trophy (62% total renal mass) in uninephrec- 
tomized animals. 

Apart from variations in animal size and 
hormone dosage, the most obvious dissimi- 
larity between the present experiment indi- 
cating inhibition of compensatory renal hyper- 
trophy by cortisone, and those suggesting an 
augmentation, is in the method of calculating 
hypertrophy. In the present study this was 
taken to be the weight difference between the 
remaining right kidney of uninephrectomized 
rats and the right kidney of similarly treated 
intact rats. Gross and Meier(7) took hyper- 
trophy to be the difference in weight between 
the right kidney at the end of the experiment 
and the left kidney removed at the beginning. 
This figure includes in addition to compensa- 
tory hypertrophy, normal renal growth which 
would have occurred in thistime had the rats 


GrowtH EFFEcTs DESOXYCORTICOSTERONE AND CORTISONE 


remained intact, and fails to consider that 
this might have been affected by cortisone. 
The use of a group on restricted food intake 
in the present study permitted an evaluation 
of the degree to which organ weight changes 
in cortisone-treated animals might be due to 
impairment of body growth. 


It is apparent from these and other studies 
that the anti-anabolic effect of cortisone does 
not affect all tissues equally, and hence its 
effect differs from the anti-anabolic effect of 
restricted feeding. 


Summary. 1. In a dosage of 2 mg/day 
cortisone completely halted body growth and 
produced adrenal atrophy and slight cardiac 
hypertrophy. Kidney size in intact cortisone- 
treated rats increased by 25% which, since it 
occurred in the absence of an increase in body 
weight, resulted in kidneys which were dis- 
proportionately large in relation to body size. 
2. Doca in the same dosage was without effect 
on body weight or heart weight. Slight 
adrenal atrophy and moderate enlargement of 
the kidneys in intact animals was observed. 
3. Compensatory renal hypertrophy was great- 
est in controls and diminished to the same 
extent by either Doca or cortisone. It was 
suppressed to the greatest extent, but not 
completely prevented, by a restriction of food 
intake to a level permitting only maintenance 
of a static body weight. 
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Inhibition of Pigment Formation of Serratia marcescens by Chlorampheni- 
col, Aureomycin, and Terramycin. 


(19438) 


A. J. WEIL. 
From the Department of Bacteriology, Bronz Hospital, New York 56, N. Y. 


The production of red pigment (“prodigio- 
sin”) by Serratia marcescens is subject to 
spontaneous variation(1,2), which presum- 
ably is genetically controlled. Moreover, 
pigment formation depends on certain ex- 
ternal factors, such as temperature and the 
supply of magnesium and iron(3,4). Gluta- 
mic acid has just been identified by Weinberg 
(5) as an inhibitor of pigment production. 
A similar effect of chloramphenicol (chloro- 
mycetin), aureomycin, and terramycin is here 
described. 


Methods. Four strains of prodigiosus 
bacilli were collected in this hospital during 
the summer of 1951. The fifth strain used was 
originally obtained from Dr. E. C. Roberts of 
St. Louis(7,8). The organisms were grown 
on 2% nutrient agar (Baltimore Biological 
Laboratories), pH 7,3. Temperature is not 
critical between 20°C and 37°C. Com- 
mercially prepared disks (Difco) were em- 
ployed according to the method recently de- 
scribed(6) for preliminary tests with chloro- 
mycetin, aureomycin, terramycin, penicillin, 
streptomycin, di-hydrostreptomycin, and baci- 
tracin. More quantitative tests were done on 
agar slants containing weighed amounts of 
antibiotic* covering a wide range of concen- 
trations in 2-fold steps. The slants were in- 
oculated immediately after preparation, ex- 
cept in some experiments, where duplicates 
were left at room temperature (Approxi- 
mately 72°F) for 2 days in order to obtain 
information on the stability of the antibiotics 
in nutrient agar. 

Results. No inhibition of coloration or of 
growth was seen around disks containing peni- 
cillin, streptomycin, di-hydrostreptomycin, 
and bacitracin. In fact, a narrow zone of 
enhanced pigmentation was on occasion seen 


* Chloromycetin, aureomycin, and terramycin were 
provided by the courtesy of Parke, Davis & Co., 
of Lederle Labofatories Division, American Cyanamid 
Co., and of Chas. Pfizer & Co., respectively. 


TABLE JI. Inhibitory Effect of Chloramphenicol, 
Aureomycin, and Terramycin on Growth and Pig- 
ment Formation of S. marcescens. 


Cone. necessary to inhibit—, 


Pigment 
Growth, formation, 
Antibiotic pg/ml pg/ml 
Chloramphenicol 640-1280* 10-20 
Aureomycin 160- 640 10-40 
Terramycin +5000* 5-20 


* One exception (see text). 


around disks with penicillin or bacitracin, 
which is in keeping with Weinberg’s findings 
(5). However, wide zones of colorless growth 
were shown around disks with chloromycetin. 
The same was true for aureomycin and ter- 
ramycin, though zones were somewhat nar- 
rower in width than those around chloromyce- 
tin. 

The results of experiments on slants, into 
which antibiotics were incorporated, are sum- 
marized in Table I. Inhibition of growth by 
chloromycetin was obtained at concentrations 
between 640 and 1280 pg/ml, with the excep- 
tion of one strain, which was inhibited by 
40 pg. Pigment formation comparable to 
that of controls growing on nutrient agar 
without drug appeared at levels of 10 or 20 
pg. With aureomycin, inhibition of growth 
was found to vary between 160 and 640 pg 
ml, and pigment formation returned at levels 
between 10 and 40 yg. Terramycin inhibited 
growth only at the highest level tested, which 
was 5000 pg/ml (assuming complete solu- 
tion of the amount in the agar, of which it 
was difficult to be sure). The only exception 
was the strain which had been found rela- 
tively susceptible to chloromycetin also, and 
which was inhibited by 160 pg/ml. Pigment 


formation in the presence of terramycin re- 


appeared at levels between 5 and 20 pg. With 
all 3 agents, there was a trace of pink colora- 
tion visible in one or 2 tubes above the levels 
quoted for full pigmentation. These data 
refer to readings made after a period of in- 
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cubation of about 18 hours. After 2 or more 
days, little change was seen with chloram- 
phenicol. With terramycin, pigmentation in- 
creased in one or 2 tubes above the levels 
given in the preceding paragraph. With aureo- 
mycin, both partial growth and some pig- 
mentation appeared in 2 to 4 tubes above the 
levels quoted. This could be correlated with 
the stability of the antibiotics. If growth and 
pigment formation on media, which had been 
kept for 2 days after addition of the anti- 
biotic, was compared with that of media in- 
oculated immediately after preparation, no 
noticeable difference was seen in the case of 
chloromycetin. With terramycin, about 50% 
of the inhibiting effect had disappeared. The 
nutrient agar containing aureomycin showed a 
loss of activity of over 90%. 

Tf the colorless population from slants with 
antibiotic was plated out on nutrient agar, 
the ratio of red to white colonies was not sig- 
nificantly different from that resulting from 
platings of the same strain grown without 
drug. It appears therefore, that—excepting 
rare resistant mutants—pigment formation is 
suppressed only as long as the antibiotic is 
present. Also, no significant competitive ad- 
vantage is gained either by the pigmented nor 
the colorless variant under the conditions of 
our experiments. 

On 4 occasions, one or 2 red colonies ap- 
peared among the colorless growth at concen- 
trations of antibiotic 2 to 8 times that gen- 
erally inhibiting pigmentation. In 3 unre- 
lated observations a few isolated colonies were 
noted growing well above the levels of general 
inhibition of growth. In these cases, growth 
was colorless and remained so upon propaga- 
tion on media free of antibiotic. It appears 
that 2 kinds of mutants occurred, one showing 
resistance to the growth inhibiting effect of 
antibiotics, and one able to produce pigment 
in the presence of concentrations of antibiotic 
which usually suppress this function. 


Weinberg(5) reported that penicillin and 


PRODIGIOSIN FORMATION [NHTEITED BY ANTIBIOTICS 


bacitracin antagonize the inhibiting effect of 
glutamic acid upon pigment formation. In 
search for similar effects, plates with discs of 
chloromycetin, aureomycin, and terramycin, 
each in concentrations of 60, 30, and 10 xg, 
were set up, where discs with 10 units of peni- 
cillin or 20 units of bacitracin were placed 
either immediately adjacent to or 7 mm dis- 
tant from the first named discs. No influence 
upon the zones of colorless growth was noticed 
under these conditions. 

It may be mentioned that 3 strains of 
heavily pigmented strains of Pseudomonas | 
aeruginosa and one strain of a pink yeast were 
tested by the disc method against the 7 anti- 
biotics enumerated above. No inhibition of 
pigment formation nor, for that matter, of 
growth, were observed. 

These data may perhaps open an avenue of 
approach to the problem of the mode of action 
of chloramphenicol, terramycin, and aureomy- 
cin. In this connection it is of some interest 
that prodigiosin is a tripyrrylmethane, and as 
such related to the respiratory pigments 
(9,10). 

Summary. Chloramphenicol, aureomycin, 
and terramycin inhibit the production of pig- 
ment by Serratia marcescens over a wide range 
of concentrations, at which the growth of the 
organism is not inhibited. 
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The relation between vit. By» and nucleic 
acids has attracted considerable attention. 
The desoxyribosides of a number of purines 
and pyrimidines have been found to be active 
in replacing the vit. Bi. requirement for 
Lactobacillus leichmannii(1-3), whereas the 
ribosides and free bases are inactive(4,5). 
Other studies indicated that desoxyribose-l- 
phosphate was not active in replacing vit. By» 
for L. leichmannii when tested in the presence 
or absence of orotic acid, ureidosuccinate or 
subminimal levels of vit. By.(5). The ribo- 
nucleic acid content of livers from rats fed a 
vit. By» deficient diet was shown to be lower 
(decrease in basophilia) than that for rats 
fed a supplemented diet (6). 

These experiments suggested that vit. By» 
may function in the synthesis of nucleic acids, 
possibly in the synthesis of the nucleosides 
or their precursors. In the present report, 
studies on the effect of a vit. By». deficiency 
on the amounts of ribonucleic acid (RNA) 
and desoxyribonucleic acid (DNA) in rat 
liver, and other organs, and on the rate of 
incorporation of N’ labelled glycine into the 
purines of RNA are presented. A prelim- 
inary report on certain phases of this study 
has been published(7). 

Methods. Rats that had been fed a corn- 
soybean oil meal-iodinated casein ration with 
or without a, crystalline vit. B,. supplement 
(24 pg/kg ration) were used in this study. 
The detailed composition of the rations, and 
feeding regimen have been described pre- 
viously(8,9).*+ In the initial experiment, the 
animals were sacrificed by decapitation after 
2 weeks On experiment and the amounts of 
RNA and DNA in the livers were determined. 


* Journal Paper No. 49, American Meat Institute 
Foundation. ; 

+ Pre-doctoral Fellow, U. S. Public Health Service, 
1951. 

+ We are indebted to H. E. Scheid, B. H. McBride, 
and M. Darrow for providing some of the vit. Bj, 
deficient and supplemented animals. 
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The method of Schneider(10) was used in 
Exp. 1 and 2 for the RNA and DNA deter- 
minations with the orcinol and diphenylamine 
methods of analysis. In all cases the amounts 
of RNA and DNA were determined for each 
liver. In Exp. 2 and 3 the nucleic acid con- 
tent of the spleens and kidneys was deter- 
mined. In Exp. 3 a modification of the 
method of Ogur and Rosen(11) was used and 
the nucleic acids determined by their absorp- 
tion at 260 my in the Beckman spectropho- 
tometer. The tissue to be analyzed was 
homogenized in 10 volumes of cold 0.2 N 
HClO, and washed 2 times with this acid solu- 
tion. After 2 washes with 95% ethanol the 
residue was suspended in 10 volumes of 1.5 N 
HClO, and kept at 4-6°C for 24 hours with 
occasional stirring. Extraction of RNA was 
complete and essentially no diphenylamine 
reacting material (DNA) was extracted in 
kidney or liver. Spleen could not be handled 
in this way since the DNA was also extracted 
by this treatment. The DNA was then ex- 
tracted from the washed liver or kidney resi- 
due with 5 volumes of 1 N HClO, at 80° 
for 30 minutes. This procedure was repeated 
once. For the colorimetric analysis, ribose 
and DNA were used as the reference stand- 
ards for RNA and DNA, respectively, while 
for the spectral analyses the extinction co- 
efficients cited by Ogur and Rosen(11) were 
used as the basis for calculating the amounts 
of RNA and DNA in the tissues. 


Results. The results (Table I) showed 
that the DNA content per g of liver was re- 
duced by approximately 20% in the livers 
from the vit. By. deficient animals as com- 
pared to the results for the supplemented 
group while the RNA was reduced by ap- 
proximately 10% in Exp. 1. No differences 
were observed in the percentage of dry weight 


§ We are indebted to Dr. J. M. Price for suggestions 
in the procedure for carrying out these determi- 
nations. 
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TABLE T. Effeot of Vit, By Defietency on RNA 
and DNA Content of Rat iver, 
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+ values required for significance at the 1% 
level were 8.68, 9,07, and 10,56 in Exp, 1, 2, and 
3, respectively, 

t Livers from rats fed supplemented diet, but 
with food intake restrieted to that of the deficient 
diet were found to contain an average af 2.67 mg 
DNA and 9.9 mg RNA/g, 


TABLE ITI, Effect of Dietary Treatment on 
Amount of RNA and DNA Per Nucleus in 
Rat Liver, 
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or total nitrogen of the livers for the 2 groups 
(i.e., an average of 3.70% N and 3.61% N 
for the deficient and supplemented , group, 
respectively). 

The results for liver in Exp. 2 and 3 sub- 
stantiated those obtained in the first study 
(Table 1), The reduction in the RNA con- 
tent of the liver was greater, however, for the 
tests conducted for 4 weeks, These data were 
analyzed statistically by the analysis of 
variance method, The F values observed and 
those required for significance at the 1% level 
(P = .01) are also shown in Table I. The 
highly significant differences observed clearly 
demonstrate the constancy of the data for the 
animals within each group. Further, the per- 
centage difference as well as the level of sta- 
tistical significance were similar for the data 
obtained by the 2 methods of RNA and DNA 
analysis (Table I). 

As in the first studies, no differences in the 
percentage of dry weight or nitrogen were 
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observed in the livers for the deficient and 
supplemented groups. The liver weight was 
greater per unit of body weight, however, for 
the deficient animals as compared to the con- 
trols(9), The rate of gain per week for the 
deficient animals averaged 21 g as compared 
to 39 g for the supplemented rats, 
In view of other observations that the 
amount of DNA per nucleus of the liver is 
constant when the test animal has been sub- 
jected to a variety of dietary stresses(12-15), 
it was important to determine the number of 
cells per g of liver for the different groups, Tn 
these tests, samples of liver from each animal 
in Exp. 3 (5 in each group) were homogenized 
(Potter-Elvehjem) and suitable aliquots 
stained with methyl green and the number of 
nuclei counted with a hemocytometer (15,16). 
These results (Table IT) show that the num- 
ber of nuclei per g was lower for the deficient 
group, while the food restricted group showed 
no reduction in the number of nuclei per g 
of liver, These results show that the reduc- 
tion in the amounts of DNA and RNA and 
the number of nuclei per g of liver could be 
attributed to feeding the vit. Byy deficient diet 
and not to the associated reduction in the 
food intake. The amounts of DNA and RNA 
per cell were shown to be the same for the 3 
groups, Therefore, the basic unit for com- 
parison of the nucleic acid values would ap- 
pear to be the cell, rather than the amounts 
of RNA and DNA per unit of fresh weight or 
dry weight of liver or liver nitrogen. It is 
recognized that the liver cells of the deficient 
animals may have been higher in fat which 
would dilute the other constituents of the cells. 
Although fat estimations were not made, gross 
observations and the dry weight and nitrogen 
determinations did not indicate that the fat 
content of the livers was different for the 
deficient and supplemented animals, One 
may conclude, therefore, that in a vit. By 
deficiency the reduction in nucleic acids per g¢ 
of liver is a reflection of a decrease in the 
number of cells, although the amount of pro- 
tein per cell was increased. These findings 
could be explained by the hypothesis that lim- 
iting the rate of nucleic acid synthesis by a 
vit. By deficiency might in turn have limited 
the rate of cell divisions, That vit. By de 
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| TABLE TS. RNA and DNA. Content of Spleen 
and Kidney from Vit, Byy Defleiont and Aupplo« 
mented Tats, 


DNA (mi/g) 
ata D 


RNA (Ong/p) 


Org” —Byy — B19 + Bay 
Molen 108 15.0 4.28 4,68 
Bidnoy 8,14 8,24 2.76 2,90 


“Six aninvils in ench group, Spleens and Ihde 
noys from 2 animals in each group were pooled 
prior to analysis, 


TABL TV, Ineorpormtion of N'® Glyeine Into 
RNA tnd Protein of Rat Liver,* 
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*We are indebted to Mr, Charles MeCoy, Dr, 
Konrad Bloch and Dr, Werbert Anker for their eo 
operation in these studies, 


ficiency may have reduced the rate of mitosis, 
thus limiting nucleic acid synthesis is also a 
possibility, The results for the cell counts in 
interpreting these experiments show the use- 
fulness of this procedure in other studies on 
the influence of different nutritional regimens 
on the nutrient content of the liver from the 
test animals, ‘These measurements would not 
only avoid being misled in interpreting the 
results, but would aid in clarifying the sig- 
nificance of the biochemical changes observed. 

Studies on the nucleic acid content of the 
kidney and spleen showed no differences at- 
tributable to dietary treatment. The data for 
the amount of DNA and RNA in these or- 
gans are shown in Table III for Exp, 2. 

In an attempt to elucidate further the 
effect of a vit. Byy deficiency on the apparent 
rate of synthesis of nucleic acids by the rat, 
N* labeled glycine (31.5 atom % excess) was 
fed to 2 vit. Byy deficient and 2 supplemented 
rats at a level of 40 mg per 100 g body weight. 
The glycine was thoroughly mixed with the 
basal ration and fed in 2 feedings; the second 
feeding was provided 6 hours after the first. 
‘The animals were sacrificed by decapitation 
18 hours after the last feeding, the livers re- 
moved, and the adenine and guanine from the 
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isolated RNA and DNA analyzed for N?°, 
The adenine and guanine were isolated by ion 
exchange chromatography(17), and the ab- 
sorption maxima and minima were in good 
agreement with those reported by Hotchkiss 
(18). The residual protein remaining after 
removal of RNA and DNA(10) was also re- 
tained for isotopic analysis, The pertinent 
data are presented in Table IV, No sig- 
nificant incorporation of N° occurred in the 
DNA in these studies, 

Although the results show that the rate of 
synthesis of the purines of RNA from N?*5 
labeled glycine for the supplemented animals 
was approximately twice that for deficient 
animals, an increase in incorporation of gly- 
cine into liver protein also occurred for the 
supplemented animals. With the protein data 
in Table IV as a base line of comparison, the 
resultant small differences in the rate of in- 
corporation of glycine into the RNA purines 
are of doubtful significance with respect to the 
effect of vit. Byo. This conclusion seems war- 
ranted also in view of the difficulties that are 
associated with the use of animals of different 
body weights and of different liver weight to 
body weight ratios. A subsequent experiment 
was conducted and the difference in the rate 
of incorporation of N"° glycine in the RNA 
purines of the livers from vit. By deficient 
rats a8 compared to supplemented rats was not 
any greater than in the first experiment, 

It may be concluded, therefore, that al- 
though differences in the RNA and DNA con- 
tent of the livers, and in the rates of synthesis 
of RNA purines could be shown that were 
attributable to the vit. By» deficiency, these 
differences could be largely explained by tak- 
ing into consideration the number of nuclei 
per g of liver of the rats in the 2 groups. 


Summary. 1,'Vhe amounts of desoxyribonu- 
cleic acid (DNA) and ribonucleic acid 
(RNA) in the livers of rats fed a vit. Byo 
deficient diet were significantly lower per g of 
fresh or of dry liver or of liver nitrogen than 
those for the supplemented rats. No differ- 
ence was observed, however, in the amounts 
of RNA and DNA per cell for the deficient or 
supplemented rats. The amount of nucleic 
acids per g of spleen or kidney was the same 
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for the deficient and supplemented group. 
2. Other studies indicated that the rates of 
incorporation of N*° glycine into the purines 
of RNA were lower for the deficient animals. 
3. These studies suggest that in a vit. By» 
deficiency the reduced rate of nucleic acid 
synthesis in the liver reduced the rate of cell 
divisions. 
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Coccidioides immitis Spherule Antigen in a Complement Fixation Test 


For Experimental Coccidioidomycosis. 
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Prior to 1937 few investigators were suc- 
cessful in demonstrating an immune response 
to Coccidioides immitis in patients with coc- 
cidioidal granuloma. Cooke(1) obtained a 
positive precipitin test with serum from a pa- 
tient using antigens prepared from dried pow- 
dered cultures, and extracts of pus-containing 
spherules. Davis(2) obtained a positive com- 
plement fixation test with serum from a pa- 
tient using an antigen prepared from a 
macerated mycelial culture. Chipman and 
Templeton(3), however, were the first to use 
successfully a broth filtrate of Coccidioides 
immitis as an antigen in a complement fixation 
test. This type of antigen has since proven 
effective and is now widely used. C. E. Smith 
and associates(4) have used the broth filtrate, 
coccidioidin, as antigen in a precipitin test and 
complement fixation test for diagnosis and 
prognosis in coccidioidomycosis. 


In a preliminary report(5) it was shown 
that the spherules or tissue phase of Coc- 
cidioides immitis could be obtained in abun- 
dance by inoculation of the yolk sac of chick 
embryos with arthrospores of Coccidioides 
imnutis. ‘The use of the spherules as antigen 
in the complement fixation test is presented 
in this paper. 

Methods. .The yolk sacs of 10-day-old em- 
bryonated hens’ eggs were inoculated with the 
arthrospores of Coccidioides immitis as de- 
scribed in a previous report(5). Up to 0.5 
ml of egg yolk from the initially inoculated 
embryos was passed to the yolk sac of a sec- 
ond series of 10-day-old embryos. After 9 
days incubation the yolk of the second trans- 
fer eggs was harvested and treated with 4 
parts of 10% NaCl, and allowed to stand 
overnight in the refrigerator. The suspension 
of yolk and spherules was centrifuged at 3000 
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r.p.m. for %4 hour. The fat which collected 
at the surface during centrifugation was de- 
canted along with the soluble egg protein in 
the supernate. The sediment containing the 
\ spherule material was washed several times 
with physiological saline and finally suspended 
in veronal buffer solution, pH 7.3-7.4. A 1:50 
concentration of spherules by volume was ob- 
tained from 10 eggs. Equal aliquots of 
spherule suspensions were treated with a) 5% 
formalin for 12 hours, and b) heat-killed in a 
60°C water bath for 30 minutes. Excess 
formalin in the spherule material was neutral- 
ized with sodium metabisulfite as recom- 
mended by Cox.* Before use in the comple- 
ment fixation test the antigens were diluted 
and ground for % hour in a small Ten Broeck 
glass tissue grinder. Coccidioidin. Coccidi- 
oides immitis, strain 2023, was grown in a syn- 
thetic medium(6) for 4 months, the fluid con- 
tent filtered through a Seitz filter and the 
filtrate stored immediately at —20°C without 
preservative. This filtrate, a clear amber 
colored fluid, was found to be a suitable an- 
tigen for the complement fixation test in an 
optimal dilution of 1:16. Sera from infected 
animals. Seven white rabbits, each weighing 
approximately 2 kg, were inoculated intra- 
venously with 1 ml of a 1:1000 concentration 
(by volume) of Coccidioides arthrospores. 
Two weeks later the rabbits were bled to death 
and their sera was stored in small amounts at 
—20°C without preservative. Sera from 
hyperimmunized animals. Six white rabbits 
each weighing approximately 2 kg, were in- 
oculated intravenously with 1 ml of a 1:50 
concentration of spherule antigen on 4 con- 
secutive weeks and were bled to death 7 days 
after the last inoculation. The sera. were 
stored in small amounts at —20°C without 
preservative. At no time during the vaccina- 
tion period did the animals show any reaction 
to the injected material. Complement fixa- 
tion test. Three 50% units of guinea pig 
complement(7) were used in the test. All 
reagents were diluted in veronal buffer, pH 
7.3-7.4, and used in a volume of 0.3 ml. A 
dilution of 1:3 serum, inactivated at 60°C 
for 30 minutes, served as unity for subsequent 


* Personal communication. 
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2-fold, serial dilutions. After 16-18 hours 
refrigeration at 3-6°C, 0.6 ml o1 optimally 
sensitized sheep cells were added and the 
tubes placed in a water bath at 37°C for 30 
minutes. All tubes were centrifuged at 2500 
r.p.m. and the degree of hemolysis was com- 
pared with color standards prepared to repre- 
sent 0, 25, 50, 75, and 100% hemolysis inter- 
preted as 4+, 3+, 2+, 14+ and no fixation. 
Tubes showing 50% hemolysis or less were 
considered positive. Absorption of infected 
and hyperimmune sera. The absorption tech- 
nic outlined by Krumweide e¢ a/.(8) was used 
to absorb non-inactivated sera from infected 
and hyperimmunized rabbits. The egg yolk 
antigen used for absorption was prepared by 
suspending the yolk from one 18-day-old in- 
cubated egg in distilled water. Three ml ali- 
quots of a 1:3 dilution of serum from a hyper- 
immunized rabbit and an infected rabbit were 
added to a) the washed sediment of 4 ml of 
centrifuged egg yolk antigen, and b) the cen- 
trifuged sediment of 5 ml of stock spherule 
vaccine. The sera were placed in a water 
bath at 37°C for 5 hours and then refrigerated 
for 15 hours. The tubes were shaken often 
during the incubation periods. It was neces- 
sary to repeat the test.twice to obtain com- 
plete absorption of the sera. 


Results, The antigenic titer of the heat 
killed spherule antigen was taken as that 
dilution of antigen beyond which further in- 
crease failed to enhance complement fixation. 
The antigen, despite its concentrated appear- 
ance, was not anticomplementary either un- 
diluted or diluted 1:2. The optimal antigen 
dilution for testing in rabbit sera was 1:4. 
Formalized antigen failed to fix complement 
in these experiments. The results of comple- 
ment fixation tests with sera from 7 rabbits 
inoculated with Coccidioides arthrospores 
using coccidioidin, heated spherule antigen 
and antigen prepared from egg yolk are pre- 
sented in Table I. The titers obtained with 
the spherule antigen were slightly higher in 
some instances than those to coccioidin. The 
egg yolk antigen failed to fix complement in 
these sera, while all three antigens failed to 
react in the sera from 6 normal rabbits tested 
independently. 
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TABLE I, 


SPueRULE ANTIGEN AND ComMPLEMENT FIXATION 


Rovetions in Complement WMixation Test Nmploying Toated Spherule Antigen, 


Coceidioidin, and an Neg Yolk Antigor and Serum trom Rabbits Infeeted with Coccidioides 
demrbtts, 


Antigens Rabbit 21. 22 2d 
1 28 PER a TE. as 
2 i iar ee 
8 : ao 
1 28 es se a 
2 PEE ar ma ae gar 
8 ess 
1 27 Pkt ¢ irkc 
2 + 4b at 
8 = R 
1 rf aces Nai ge 
2 4h oi bare aaa 
8 : = ri 
1 12 Ae ae sacle 
; d+ d+ 4+ 
1 \4 OS aye Sumer (2 
2 ek ih, SRA ale 
1 81 ddr Set, abet 
; ree «Se 
1 Normal® 
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1—Cocvidioidin, 2—Spherule, 

Hyperimmune sera, The sera from 6 rab- 
bits immunized with heat killed spherule an- 
tigen gave high titers to both spherule antigen 
and egg yolk antigen revealing the complicat- 
ing factor of a concurrent stimulation of egg 
yolk antibodies during the immunization with 
this antigen (Table IT). In only a few in- 
stances was it possible to demonstrate a titer 
to coccidioidin and, when evident, always in 
a low titer, 

Absorption studies. Egg yolk antigen com- 
pletely removed egg yolk antibody in the 
serum from immunized rabbit No. 6 (Table 
Il), After absorption, this serum showed a 
reduction in titer to 1:4 with spherule antigen 
while the titer to coccidioidin was unchanged. 
Absorption of this serum with spherule antigen 
completely removed antibodies to spherule 
antigen, egg yolk and coccidioidin, Absorp- 
tion of a serum from an infected rabbit with 
egg yolk antigen and spherule antigen failed 
to lower the titer to spherule antigen or coc- 
cidividin, 
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Discussion, The spherule antigen prepared 
from the yolk of embryonated eggs inoculated 
with the arthrospores of Coccidioides immitis 
appears to have the ability to fix complement 
in the sera of rabbits infected with Coccidi- 
oides immitis and in the sera of rabbits hyper- 
immunized with the spherule antigen. The 
spherule antigen is also capable of stimulating 
in low titer, antibodies to coccidioidin, the 
broth filtrate, which is used in the standard 
complement fixation test for coccidioidomy- 
cosis, A preliminary testing in human serum 
with both antigens was made. The spherule 
antigen failed to react in the serum of a pa- 
tient with coccidioidal granuloma showing a 
titer of 1:32 to coccidioidin. 

Summary. 1, A method is described for the 
preparation of a serologically active antigen 
from egg yolk material containing spherules. 
2. “Spherule antigen” used in a complement 
fixation test reacted with sera from animals 
infected with Coccidioides and animals hyper- 
immunized with the antigen. 3, The antigen 


ad 


FERRITIN IN RADIATED Doc’s BLoop 547 


TABLE II. Reaction in Complement Fixation Test Employing Heated Spherule Antigen, 
Coccidioidin, and an Egg Yolk Antigen and the Sera from Rabbits Immunized Intravenously 
with Spherule Vaccine. 


ce ——  Serum dilutions 


Antigens Rabbit 1-1 1-2 1-4 1-8 


—  ,——Controls—\ 
1-16 1-32 1-64 1-128 Antigen Serum 
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4—Complete fixation (no hemolysis) ; —, no fixation (complete hemolysis). 


* Sera from these rabbits were not tested with egg yolk antigen. 
1—Coecidioidin. 2—Spherule. 3—Egg yolk. 


was found to stimulate low titers to coccidioi- 
din in hyperimmunized animals. 4. The 
“Spherule antigen” completely absorbed anti- 
bodies to.the homologous antigen and coc- 
cidioidin from the serum of a hyperimmunized 
rabbit, but failed to absorb antibodies from 
the serum of a rabbit infected with Coc- 
cidioides immitis. 
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Identification of Ferritin in Blood of Dogs Subjected to Radiation from an 
Atomic Detonation.* (19441) 


Tuomas J. Hatey, M. R. ANpEM, RicHarp F. RILey, AND I. WILLIAMS 
From the Atomic Energy Project, School of Medicine, University of California at Los Angeles. 


Direct observations on the mesoappendix 
capillary bed in the roentgen ray irradiated 
rat demonstrated that a pronounced peri- 


* This article is based on work performed under 
Contract No. AT-04-1-GEN-12 between the Atomic 
Energy Commission and the University of California 
at Los Angeles. 


pheral vasodepression occurred during the first 
post-irradiation week. Further investigation 
showed that this effect was not due to a 
direct effect of the radiation on the capillaries 
themselves but was the result of the appear- 
ance of a vasodepressor agent in the blood. 
It was shown that this vasodepressor was 


48 
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liberated by the liver and had all of the 
characteristics of ferritin( 1), 

The present investigation furnishes pre- 
sumptive evidence for the presence of ferritin 
in the blood of dogs subjected to the radia- 
tion from an atomic detonation, 


Experimental, Male CFW strain rats weigh- 
ing 125-200 g (average 150 ¢) were anes- 
thetized with sodium pentobarbital (45 mg kg 
intraperitoneally) and prepared for observa- 
tion of the mesoappendix capillary bed by 
the method of Chambers and Zweifach(2). 
Plasma samples were obtained from dogs sub- 
jected to a ‘lethal dose of irradiation, The 
dog plasma or its dilutions with physiological 
saline were administered intravenously to 
standardized normal rats in a volume of 0.5 
ml, All samples were designated by code 
to avoid cognition by the assayist and remove 
personal bias from the observations, Freshly 
prepared solutions of epinephrine in doses of 
O.1 ml were applied topically to the mesoap- 
pendix preparation and a selected vessel stud- 
ied for changes in sensitivity of its precapillary 
sphincters and in vasomotion, The epinephrine 
concentrations used for screening sensitivity 
tests were 1:1 x 10°, 1:8 x 10%, 1:6 x 10°, 
FA SOR 2:2 SIO 1 ee 
and 1:1 x 10*; while concentrations of 1:3 x 
4O* Usd 108,259. % 168 NGS 1K ES SIG, 
2332105, 189 x 10*, 2:6. 10°, 1:3. x 104 and 
1:1 x 1O* were used in titering vasodepressor 
activity of the plasma, The time interval be- 
tween epinephrine applications was LO minutes 
and the observation period was § minutes. All 
positive responses were checked to eliminate 
the possibility of errors in observations, and 
a number of samples were recoded and rerun 
to check the general reliability of the observa- 
tions. Serial dilutions in physiological saline 
of a number of active samples were evaluated 
in order to obtain some information on the 
relative amounts of vasodepressor material 
present in these active samples. © Selected 
samples of dog plasma whose vasodepressor 
activity had been previously determined to 
be high were aerobically incubated with 
minced rat liver or kidney in a Dubnoff 
shaking apparatus at 37.5°C and re-evaluated 
for vasodepressor activity. <A highly active 
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sample was dialyzed overnight in the re- 
frigerator against physiological saline and 
the dialyzate as well as the sample was evalu- 
ated for vasodepressor activity, Crystalline 
dog ferritin was prepared from dog liver by 
the method of Granick(3). Rabbit anti-dog 
ferritin serum was prepared by injecting intra- 
venously or subcutaneously well-dialyzed re- 
crystallized dog ferritin into New Zealand 
rabbits, Precipitin reactions against dog fer- 
ritin showed that this antiserum was highly 
active. Known amounts of dog ferritin or 
active samples were incubated with various 
amounts of this antiserum and assayed for 
vasodepressor activity, Incubation was car- 
ried out at 43°C for various time intervals 
and in all cases for at least ene hour before 
testing. 

Results. Observations on the capillary 
effects of thirteen control plasma samples 
obtained from 8 dogs prier to irradiation 
showed only one plasma sample had vaso- 
depressor activity. However, after irradia- 
tion a pronounced vasodepressor activity of 
5 to 6 days’ duration was observed starting 
irregularly on the first, second or third post- 
irradiation in 6 of the dogs’ plasma samples. 
The other 2 dogs’ plasma samples showed the 
presence of a vasodepressor material but did 
not have the same overall pattern of appear- 
ance, The loss of vasodepressor activity oc- 
curred on the sixth, seventh or eighth post- 
irradiation day when a normal epinephrine 
sensitivity and vasomotion response was ob- 
tained in the standardized test animal. These 
results are summarized in Table I. 

The irregularity of appearance of the vaso- 


TABLE BF Sequence of Appearance of Ferritin 
in Dog Plasma After Atomic Drradiation, 


Deg Centrel . Post-irradiation dax——, 
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TABLE II. Titration of Ferritin (VDM) in Plasma of Irradiated Dogs. 


Sn Dog B-83-—-—_,___— Dog A-90- 
No. yaso- No. vaso- No. vaso- 

Post depressort Dog Ferritin depressor Dog Ferritin depressor Dog Ferritin 
irradia- doses/ml N equiva- doses/ml N equiva- doses/ml N equiva- 
tion day* plasma lents, ~/ml plasma lents, y~/ml plasma lents, y/ml 

ut >15<50 >.015 >50<500 >.05 > 300 20 
<.50 <.50 
2 >15 O15 >10<50 >.01 > 50< 300 >.05 
<.05 <0 
3 >15 015 <10 01 S15 A 
4 0 0 pet p 002 S15 015 
5 0 0 oe, 002 015 


* Time is marked from the first day of appearance of vasodepressor activity. 
+t One yasodepressor dose — 0.001 + dog ferritin N/ml. 


depressor material (Table I) prompted an 
evaluation of the amount liberated and the 
duration of its presence in the plasma. Table 
II gives the titers on the plasma of three dogs. 
These evaluations are based on the fact that 
0.001 y N ‘ml is the smallest amount of ferri- 
tin which can be consistently detected by the 
mesoappendix text(1,4). The results pre- 
sented in Table Il: indicate that initially a 
large amount of VDM is released after irradia- 
tion and the amount is reduced as the organ- 
ism begins to recover from the initial damage 
produced by the irradiation. 

Inasmuch as similar radiation studies with 
roentgen ray irradiated rats indicated that 
the vasodepressor material appearing in the 
blood after irradiation was presumably ferri- 
tin(1), we applied several.of the tests for 
ferritin proposed by Mazur et al.(5). Active 
plasma samples from dogs on the first, second 
and third post-irradiation days (dogs 19, B-33 
and A-90 respectively) were incubated aerobi- 
cally for 3 hours at 37.5°C with minced kid- 
ney and with minced liver. These samples 
were inactivated by liver but not by kidney. 
When 3 ml of active dog plasma containing 
at least 40 vasodepressor doses per ml was 
dialyzed overnight in the refrigerator against 
13 ml of physiological saline, there was no 
decrease in the vasodepressor activity of the 
sample, nor any appearance of activity in the 
dialysate. Injection of crystalline dog ferri- 


_tin or vasodepressive dog plasma into previ- 


ously standardized normal rats gave a vaso- 
depression which could be entirely prevented 
by pre-injection or entirely counteracted by 


post-injection of 1 ml of rabbit antidog ferri- 
tin serum. These highly successful m vivo 
inactivations were in contrast to numerous 
less successful attempts at m vitro inactiva- 
tion in which various dilutions’ of the anti- 
serum were incubated with samples of active 
plasma. Normal rabbit serum did not in- 
activate either the ferritin or the active 
plasma. 

Discussion. The following text table gives 
the criteria established by Mazur, et al.(5) for 
the identification of ferritin and shows the 
similarity between ferritin and the vasode- 
pressor material found in the blood plasma of 
dogs subjected to radiation from an atomic 
detonation. 


Comparison of Radiation VDM and Ferritin 


Ferritin and Dog 
Plasma V DM 
Decreased epinephrine 

sensitivity 


Criteria 
Effect on capillary bed 
Effect on vasomotion Greatly decreased 
Dialysis 
Aerobic incubation 


Does not dialyze 


Liver Inactivates 
Kidney Does not inactivate 
Effect of antiserum Inactivates 


The completely parallel findings taken to- 
gether with the fact that no other compound 
has been shown to produce such profound 
peripheral vascular effects at such a low dose 
(6) provides presumptive evidence for the 
identity of the VDM in the blood of dogs sub- 
jected to radiation from an atomic detonation 
as ferritin. 


Summary. Studies on blood plasma sam- 
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ples obtained from eight dogs subjected to a 
lethal dose of radiation from an atomic deto- 
nation demonstrated that a material was pres- 
ent which, when administered intravenously, 
decreased the rate of vasomotion and de- 
creased the epinephrine sensitivity of the 
mesoappendix capillary bed of the normal 
rat. After its appearance in the blood, the 
concentration of this vasodepressor material 
decreased as a function of time. This VDM 
has been shown to fit the criteria established 
for ferritin. 


The authors wish to express their sincere thanks 
to Dr. R. L. Libby of the School of Medicine, 


Portal Venipuncture. A Percutaneous, Trans-Hepatic Approach. 


University of California at Los Angeles, for collecting 
and supplying us with the plasma samples. 
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Keitu H. Ketrty. 


From the National Cancer Institute, National Institutes of Health, Public Health Service, and the 
Divisions of Medicine and Radiology, University of California School of Medicine, San Francisco. 


Many clinicians and physiologists have 
wanted a simple method of access to the portal 
venous system. If direct access were possible, 
not only could studies be made on portal 
venous blood, but also the portal venous sys- 
tem could be demonstrated by injecting a 
contrast medium and making roentgenograms. 
Hitherto, samples of blood from the portal 
vein have been obtained during laparotomy 
and, in a few instances, polythene tubing has 
been tied into the portal vein and brought out 
through the wound for sampling at a later 
time. In a few patients with hepatic vascular 
obstruction, small catheters have been passed 
into dilated abdominal veins and portal blood 
thus obtained. Portal venograms have been 
obtained by similar methods. These methods 
have evident limitations and preclude a more 
general. investigation of the portal blood cir- 
culation in man. It occurred to one of us 
(H.L.S.) that access to the portal vein through 
the intact abdominal wall should be possible, 
and the senior author (H.R.B.) conceived the 
idea of an approach through the liver. He 
subsequently developed the percutaneous, 
trans-hepatic technic of portal venipuncture 


described below with the assistance of the two 
junior authors (L.P.W. and K.H.K.). 

The portal vein is 7 to 8 cm in length, ex- 
tending from the level of L2 to the porta 
hepatis at the junction of L1 and T12(1). 
The portal vein divides to the right and left 
just -before it enters the liver(2), the right 
branch being shorter and thicker than the left. 
The division of the portal vein usually takes 
place at the level of T12, in the transverse 
plane at approximately 15 degrees caudal to 
the right in the frontal plane(3). In a trans- 
verse cross-section(2) which passes through 
the twelfth thoracic vertebra the larger radi- 
cles of the portal vein within the liver sub- 
stance lie to the right of the midline so that 
lines to midpoint of the anterior surface make 
angles of 10 to 45 degrees with the medial 
plane. At this level the liver abuts directly 
upon the anterior abdominal wall so that no 
other organ is interposed. On the basis of 
these anatomical considerations, a needle was 
successfully inserted into the hepatic portal 
vein of a cadaver. This was followed by 
studies on living patients in some of which 
contrast media was injected and venograms 


were obtained which demonstrated the intra- 
hepatic portion of the hepatic portal vein. 


Method. The patient is placed in the semi- 
recumbent position inclined upwards approxi- 
mately 10 degrees. The epigastrium is pre- 
pared aseptically and a midline point 1 cm 
below the xiphoid process is anesthetized with 
procaine, including the deeper skin, sub- 
cutaneous tissues and parietal peritoneum. 


No additional analgesia is achieved by infil- 


tration of the visceral peritoneum of the liver 
and of the liver parenchyma. A 16- to 20- 
gauge needle, 20 cm long, is inserted through 
the skin and subcutaneous tissue at an angle 
of 20 degrees to the right. If the liver is of 
average size, the needle is inserted in the 
transverse plane without upward or downward 
deflection. If the liver is enlarged, the needle 
is best inclined 5 to 15 degrees caudally in 
addition to the lateral angulation. The needle 
is advanced steadily and slowly in the proper 
direction until a sensation of firm resistance 
is encountered, indicating entrance into the 
liver. The needle is then advanced slowly 
until blood can be aspirated or the 15 cm 
mark is reached. Continual aspiration is at- 
tempted as the needle is being advanced. 
When blood is obtained, a hemostat is clamped 
firmly about the needle at the skin surface to 
secure its position. Respiratory movements 
will move the hub of the needle, but they are 
minimized in the semi-recumbent position. 
Nevertheless, the patient should be cautioned 
not to breathe deeply. Portal blood has 
shown an increased tendency to clot. Portal 
blood can be identified by its color, since it is 
neither as red as arterial blood nor as dark as 
peripheral venous blood. If the needle is 
aimed 5 to 10 degrees cranially and 10 to 15 
degrees to the right, the larger radicles of the 
hepatic vein may be entered. Blood from the 
hepatic vein contains less oxygen than that 
from the portal vein and closely resembles 
peripheral venous blood. 


Samples for glucose and oxygen determina- 
tions have been obtained from the portal vein, 
a peripheral vein, and an artery simultane- 
ously or within 2 minutes of each other. In 
most instances the patient had been given 


‘sugar by mouth 1% to one hour before the 
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Portal yvenogram by direct venipuncture. 


FIG; 1; 


sampling, which resulted in a greater elevation 
of glucose content of the portal blood than 
that obtained from peripheral sites. This 
served to confirm that the blood was obtained 
from the portal system. Fourteen portal veni- 
punctures have been successfully accomplished 
on 12 patients without immediate or late re- 
action. The procedure was first attempted on 
cadavers, then on patients with a short life 
expectancy because of cancer, Following their 
demise, examination of the tract of the needle 
in the liver revealed that it could be followed 
into a portal radicle without evidence of 
bleeding or gross trauma. 

In 3 patients who exhibited a hemorrhagic 
diathesis, a dilute thrombin solution was in- 
jected along the tract of the needle after it 
had been removed from the vein and as it was 
being withdrawn from the surface of the liver. 
In 7 others with bleeding tendencies thrombin 
was not employed and there were no untoward 
reactions, Following the procedure no special 
precautions have proved necessary and fre- 
quently the patients have walked back to the 
ward. 

In some of the patients who had a portal 
venipuncture, venograms were performed and 
were of as good quality as many that had been 
obtained by injection of a contrast medium 
during laparotomy (Fig. 1). This will be re- 
ported later(4). 


Conclusion. This technic permits rela- 
tively easy access to the portal venous system 
in man. It should afford many opportunities 
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for clinical investigations, including portal 
venography. 
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Tissue Electrolytes in Alloxan-Diabetie Rats with Ketoacidosis.* (19443) 


Harvey C. Know tes, Jr.,) anp Grorce M. Guest. 


Frem the Children’s Hespital Research Foundation and Depariment of Pediairics, 
Tmaversity of Cimcinnaii. 


Metabolic balance studies on diabetic hu- 
man subjects and experimental animals have 
afforded abundant evidence that the develop- 
ment of ketonemic acidosis is attended with 
large urinary losses of water. electrolytes 
and nitrogen. The nature of the losses sug- 
gests that mmcreased cellular catabolism in 
acidesis leads to a considerable depletion of 
intracellular materials without breakdown of 
whole tissues. It may be surmised that func- 
tional derangements which occur during severe 
and prolonged acidesis depend less on changes 
im constituents of extracellular fluids. much 
studied and well known, than on changes of 
intracellular constituents, which have been 
relatively little studied. The imvestigations 
reported here were undertaken to amplify 
existing Enowledge by direct analysis of 
tissues. 

Following is a preliminary report of changes 
in liver and skeletal muscle of alloxan-diabetic 
Fats Im severe Ketonemic acidosis. More ex- 
tensive Studies on other animals and other 
tissues will be reported later. 

Metkods. Adult white rats from Rockland 
Farm. weighing around 300 g, fed Purina 
Chow diet. were Eept in glass metabolism 
cages for collecting urine({1). Three groups, 
of 36 to 40 rats im each. were studied: a con- 
trol croup. not treated with alloxan. and two 
alloxan-treated groups. In the latter, dia- 


* Anied by 2 erant irom the Life Insurance Medical 
Research Fund. 

* Pestdectorate Research Fellow. National Institutes 
ef He:skh Bethesi:. Md. 


betes was induced by intravenous injections — 
of alloxan, 50 mg/kg, after a 24- to 30-hour 
fast. One group was allowed food 24 hours 


after the injection of alloxan, then starved _ 


to induce ketoacidosis. The second alloxan- 
treated group was fed and treated with NPH 
insulin, 3 to 5 units per day, until the animals 
recovered their original weight, usually a 
period of 7 to 10 days; then ketoacidosis was 
induced by withholding food and insuin. In 
both groups severe ketoacidosis developed as 
a rule within 3 to 4 days, as described in a 
previous paper from this laboratory(2). All 
were anesthetized by intraperitoneal injection 
of nembutal for the taking of blood’ (drawn 
from the inferior vena cava) and tissue sam- 


ples. The whole liver was removed, the gall - 


bladder dissected away, and excess blood re- 
moved by blotting with filter paper. The 
thigh muscles were stripped, dissected free 
from gross fat and connective tissue. 
tissues were transferred as quickly as possible 
to weighing bottles. Tissue water was de- 
termined by weighing and drying the samples 
at 105°C to constant weight. The dried 
tissues, liver and thigh muscles, were ground 
to obtain a homogenous powder. Fat con- 
tent was determined by extracting the powder 
with petroleum and ethyl ether in a Soxhlet 
reflux apparatus. Weighed samples of the 
fat-free powder were used for determinations 
of Cl by the method of Van Slyke(3), and of 
nitrogen by the microkjeldahl method; sam- 
ples were dry ashed for iciecainaioads of 
sodium and potassium with the Weichselbaum- 
Varney fiame photometer. Samples of blood 
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TABLE J. Data on Blood Serum, Muscle, and Liver of Normal Rats and Diabetic Rats with 


Ketoacidosis. Mean of 12 determinations with standard deviations in each group. 
Groups Sugar, mg/100 ce Ketones,” mg/100 ce pi COs, »meq/1 
\ Serum 
Normal 1214 7.45 28.4 
15 +.04 +2.2 
Acidotie 1 686 174 7.08 9.5 
120 +73 +.10 2.9 
Acidotie 2 746 211 6.99 8.8 
+199 +98 +06 +2.0) 
Muscle 
Fat % of — —-————Per 100 g fat free solids————— —— 
Groups total solids H,0, g¢ N,g Cl, meq Na, meq IX, meq 
Normal 7.0 308.4 14.77 5.10 8,22 45.0 
se i),1 + 4.4 4.56 Seek = 60 +1.84 
Acidotie 1 10.0 272.8 15,16 5.25 8.26 38,23 
2.4 15.0 .25 +1.06 +1.43 +244 
Acidotie 2 5.) 271.4 15.34 5.23 8.87 39.69 
pis), ote 5.9 +.68 +1.43 ash HAUH! +-2,51 
Liver 
Fat % of —_— —Per 100 g fat free solids——— a 
Gr ups total solids H.O, g¢ N,g Cl, meq Na, meq K, meq 
Normal 1. 34 265.3 11,94 10,84 8.78 32.9 
+1.8 27.9 +.74 +2.01 +1,24 +3.25 
Acidotie 1 38.9 330.4 13.62 11.71 11.41 32.0 
+16 +33,4 +37 +3.82 +1.:73 +4,55 
Acidotie 2 20.7 310.8 13,50 11,18 11.26 34.4 
+10, 9 #217 +.36 +1.57 +1.47 +2.62 
Acidotie Group 1: Rats inj. with Alloxa: Wn, fed oné day, then allowed to develop ketoacidosis 
immediately, receiving no insulin or food. 
Acidotic Group 2: Rats inj. with Alloxan, fed and treated with insulin 7 days; acidosis in- 


duced by withholding insulin and food, 
* Ketones expressed as acetone. 


t ‘*Normal’’ blood sugar values determined 1 hr after feeding. 


were delivered from a syringe under oil for 
determinations of serum pH(4) and COs» con- 
tent(5). Sugar in whole blood or serum was 
determined by the method of Nelson(6). 
Ketones in diluted plasma were estimated by 
a micromethod ( 7) employing the acetone test 
tablets or powder commonly used for qualita- 
tive tests for acetone in urine, with appropri- 
ate color standards. 

Results. Data from analyses of blood, 
skeletal muscle and livers of the control group 
and two acidotic groups of rats are listed in 
Table I. High values for serum sugar and 
ketones, and low values for serum pH and 
CO, content were approximately the same in 
the two acidotic groups. Muscle of both 
acidotic groups showed a lowered content of 
water and of potassium, while the chloride and 
sodium values were not significantly different 


from those of the controls; the slightly higher 
value for nitrogen content is probably sig: 
nificant (p between 0.05 and 0.02). In liver 
the fat content was greatly increased, higher 
in group 1 than in group 2; the content of 
water, sodium and nitrogen was significantly 
increased, but the potassium and chloride 
values were not changed, compared with the 
controls. 

Discussion. The high fat content of muscle 
in the acidotic group 1 may be ascribed to 
immediate cellular toxic effects of the alloxan 
apart from its diabetogenic action. In rela- 
tion to fat-free solids the potassium concentra- 
tion decreased 15 and 12% respectively in the 
two groups. It is of interest to note here that 
a number of investigators(8-10) studying the 
effects of prolonged low-potassium diets, de- 
signed to produce potassium deficiency, have 
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found increases in the sodium content of 
muscle when the potassium content decreased. 
The failure in the present experiments of 
sodium to increase with lowered potassium 
may be attributed to the dehydration and 
acidosis and to the short duration of these 
experiments. 

The high fat content of the livers of the 
acidotic rats is presumably associated with 
the development of severe ketosis and with 
toxic effects of alloxan, which is known to pro- 
duce some hepatic necrosis. Although the 
degree of ketonemia and acidosis seemed alike 
in the two groups, the fat content of the 
livers was less in the second group when 
ketosis was induced after 7 days of feeding 
and insulin control, suggesting some recovery 
from early toxic effects of the alloxan. In- 
creased contents of water and sodium may be 
considered to be interdependent. ‘The lack 
of change of potassium in the livers of the 
acidotic animals conforms with observations 
by other investigators mentioned above that 
potassium deficiency (induced by diet) was 
not attended with any change in liver potas- 
sium. 

The finding in the acidotic rats of a higher 
than normal nitrogen content in liver and 
muscle, relative to the total solids, is in ac- 
cord with the concept that acidosis leads to a 
greater loss of labile non-protein constituents 
than of protein from body tissues. 


TissuE ELECTROLYTES IN KETOACIDOSIS 


Summary. Data are reported from analyses 
of tissues of normal rats and of alloxan- 
diabetic rats with severe ketoacidosis induced 
by withholding food and insulin 3 to 4 days. 
In muscle of the acidotic rats, compared with 
the normal controls, the concentration of 
water and of potassium decreased, and the 
concentration of nitrogen increased slightly, 
with values for sodium and chloride showing 
no significant change. In liver there was a 
gain of water, sodium and nitrogen, with no 
change in concentration of chloride or potas- 
sium. Livers of the acidotic rats showed a | 
greatly increased fat content. 
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ERRATUM 
Article 19259, Vol 79, p. 21, title should read “Ineffectiveness of Parenteral 


” 
. 


Pyridoxine . . 


